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N O T I C E  

THIS D O C U M - E N T  H A S  BEEN R E P R O D U C E D  

F R O M  THE B E S T  C O P Y  F U R N I S H E D  U S  B Y  

TEE S P O N S O R I N G  A G E N C Y .  A L T H O U G H  IT 

I S  R E C O G N I Z E D  THAT C E R T A I N  P O R T I O N S  

A R E  I L L E G I B L E ,  I T  IS B E I N G  R E L E A S E D  

I N  T H E  I N T E E E S T  O F  M A K I N G  A V A I L A B L E  

A S  M U C H  I N F O R M A T I O N  A S  POSSIBLE. 



SUMMAKY 

EWaZONMENTAL STATEMENT 

FOR THE 

SPACE SI33TIZE PROGRAM 

( ) Draft (x) Final 

Responsible Federal  Agency: KGtlonal Aeronautics and Space 

Administration (NASA) , Office of Manned Space Fl ight ,  Space 

S h u t t l e  Program 

1, (X) Admlnistrative Action ( ) L e g i s l a t i v e  Action 

2, The space s h u t t l e  Is a pi lo ted ,  recoverable, reusable  

space t r a n s p o r t a t i o n  system t o  provlde rapid,  easy, economi- 

c a l  access  t o  space,  The s h u t t l e  can car- payloads of .up  

t o  29,500 kilograms (65,000 pounds) into o r b i t  and r e t u r n  

them t o  e a r t h .  The s h u t t l e  w i l l  r ep lace  most present  launch 

v e h i c l e s  and w i l l  g r e a t l y  expand t h e  Nation's f l e x i b i l i t y  in 

carrying ou t  b e n e f i c i a l  space a c t i v i t i e s .  The space s h u t t l e  

. is expected t o  make i t s  first o r b l t a l  test  f l i gh t  i n  1978, 

t o  be opera t iona l  before 1980, and t o  opera te  f o r  maGy years 

after thzt  . 
3. The p o t e n t i a l  for adverse program impact is smll; 

such impacts as are foreseen w i l l  be local, short fn dura- 

tion, con t ro l l ab le ,  and environmentally acceptable .  



4. Alternates  t o  the space s h u t t l e  are more expensive 

and are not b e t t e r  environmentally than the proposed pro- 

gram . 
5. a. Comments were requested from: CEQ, EPA, DOD, 

DOA, DOT, HEW, HUD, DOI,  DOC, OMB, State, AEC, NSF, and 

FPC . 
b. Comments were received from EPA on the February 

c 

1971 d r a f t .  Comments were received from DOA, DUT, DOD, 

DOC, DOI,  HUD, H E W ,  AEC and EPA on the second draf t  state- 

ment (Apr i l  1972). A l l  comments were given cons idera t ion  

i n  the  preparat ion of t h i s  f i n a l  s ta tement .  

6. The first d r a f t  statement,  da ted  February 1971, 

was s e n t  t o  CEQ i n  March 1971. 

because of modif icat ions t o  the space s h u t t l e  configura- 

A second d r a f t  was prepared 

t i o n  and was s e n t  t o  CEQ i n  Apr i l  1972. T h i s  f i na l  environ- 

mental s ta tement  was made a v a i l a b l e  t o  CEQ i n  Ju ly  1972. 
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1. 

A. INTRODUCTION 

Background 

On January 5, 1972, the President  announced that  the 

United States should proceed a t  once w i t h  the develop- 

ment of a new type of space t r a n s p o r t a t i o n  system, e 
I 

I 

p i lo t ed  reusable  vehic le  capable of car ry ing  large 

payloads t o  and from orbit’. Th i s ,  the final environ- 
. 

mental impact stateinent for the Space S h u t t l e  Program, 

is  submitted by the Nat ional  Aeronautics and Space 

Adminis t ra t ion (NASA) as required by the Nat iona l  

Environmental Pol icy Act of 1969 and the A p r i l  23, 

1971, guide l ines  of the Council on Environmental 

Qual i ty  (CEQ) on s t a t e n e n t s  covering proposed Federal 

a c t i o n s  that might a f f e c t  the environment. 

A d r a f t  environmental impact s ta tement ,  descr ib ing  

the concept then under cons idera t ion  f o r  the s h u t t l e  

program, was i s s u e d  over  a year ago, on March 1, 1971. 

Coments  were requested from the Council on Environ- 

mental Quality,  t h e  Office -of Management and Budget, 

the Environmentsl Pro tec t ion  Agency (EPA) , the Depart- 

ment of Transportat ion,  the Department of Defense, and 

the Department of State. 

draf t  statemmt was announced in the Federal Register 

The a v a i l a b i l i t y  of the 

1 



I on March 3, 1971. 

Because of evo lu t ion  of the s h u t t l e  concept s i n c e  
I 

prepara t ion  of the March 1, 1971, draf t  environmental 

impact statement,  and because of changes i n  the  
I 

requirements f o r  the prepara t ion  of impact s ta tements ,  

l a second draft statement  was made a v a i l a b l e  f o r  

comments as prescr ibed  by CEQ gu ide l ines ,  It d e t a i l e d  

the environmental impl ica t ions  of the development pro- 

gram now approved and r e f l e c t e d  the r e s u l t s  of environ- 
, 
I mental analyses  and s t u d i e s  which have been undertaken 

during the p a s t  s e v e r a l  yea r s .  This  f i n a l  environ- 

mental impact s ta tement  was prepared incorpora t ing  

any a d d i t i o n a l  data necess i t a t ed  by the  review of the 

draf t .  This final statement  has been submitted t o  

the  CEQ and made a v a i l a b l e  t o  the publ ic .  

, 

This  s ta tement  i s  l i m i t e d  t o  a t reatment  of the space 

s h u t t l e  as a t r a n s p o r t a t i o n  system f o r  rapid,  easy 

access  t o  space for men and equipment, and covers  the 

environmental effects  a s soc ia t ed  with its development 

and eventua l  opera t ions .  When ope ra t iona l ,  the space ' 

s h u t t l e  w i l l  be able t o  c a r r y  many d i f f e r e n t  payloads 

and t o  execute  many d i f f e r e n t  missions; i f  requi red ,  

s e p a r a t e  environmental s ta tements  w i l l  be prepared f o r  

2 



those  payloads which may have s i g n i f i c a n t  p o t e n t i a l  

environmental implicat ions.  

2.. Program Ob j e c t l v e s  and General Descr ip t ion  

The space s h u t t l e  program objec t ives  are: 

Q To provide the means for r o u t h e ,  quick r eac t ion ,  

and economical access  to and r e t u r n  from space 

needed f o r  automated and manned civilwand m i l i -  

t a r y  uses  of space in the 1980rs and beyond. 

e To reduce the  c o s t  of space opera t ions  sub- 

s t a n t i a l l y .  

e To maintain an advanced U.S. space c a p a b i l i t y  

and t o  encourage greater i n t e r n a t i o n a l  partici-  

pa t ion  In space. 

Development and opera t ion  of a space s h u t t l e  w i l l  

a s s u r e  that the Unfted S t a t e s  w i l l  have a cont lnuing,  

e f f e c t i v e  presence i n  space. The space s h u t t l e  will 

be a reusable  space vehic le  which w i l l  c a r r y  out  

var ious  space missions i n  e a r t h  o r b i t .  It w l l l  c o n s i s t  

of two stages. The f irst  stage, o r  booster ,  w i l l  be 

a n  unmanned solid fuel rocket. The second s tage ,  o r  

o r b i t e r ,  w i l l  look l fke  a delta-winged airplane and 

w i l l  be p i l o t e d  t o  orbit and back t o  earth for an 

a i r p l a n e - l i k e  landing. 



. On the launch pad, the o r b i t e r  w i l l  be joined t o  t he  

boos te r .  Both  the boos te r  and o r b i t e r  engines w i l l  

ope ra t e  toge ther  u n t i l  an a l t i t u d e  of about  55 t o  65 

k i lometers  (approximately 30 t o  35 n a u t i c a l  miles) is  

reached . 
The o r b i t e r  with i t s  crew and payload then  cont inues  

on t o  earth o r b i t  f o r  missions l a s t i n g  UR t o  30 days, 

while t h e  boosters  r e t u r n  t o  earth t o  be recovered f o r  

reuse.  When the o r b i t e r  mission is completed, the  

p i l o t e d  vehicle  w i l l  r e t u r n  t o  earth, landing  l i k e  a n  

a i r p l a n e  t o  be re furb ished  and reused. , 

Payload c a p a b i l i t y  of the s h u t t l e  w i l l  be up t o  29,500 

kilograms (65,000 pounds). The s h u t t l e  w i l l  be used 

t o  c a r r y  i n t o  space v i r t u a l l y  a l l  of the Na t ion ' s  

c i v i l i a n  and m i l i t a r y  payloads: manned, man-tended, 

o r  automated (Figure 1 A )  . These w i l l  include auto-  

mated s c i e n t i f i c  space probes and ear th  o r b i t i n g  s o l a r  

and astronomical observa tor ies .  Appl ica t ions  payloads 

w i l l  include ear th  resources ,  environmental sens ing ,  

communications, meteorological ,  and geode t i c  s a t e l l i t e s .  

The s h u t t l e  w i l l  provide t r a n s p o r t a t i o n  f o r  o p e r a t i o n a l  

and development payloads f o r  the Department of Defense, 

NASA, the  National Oceanic and Atmospheric Administra- 

t i o n ,  and o the r  u se r s  such as the Departments of 

4 
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. I n t e r i o r  and Agricul ture ,  It w i l l  a l s o  be able t o  

accommodate t h e  f u t u r e  needs of commercial and i n t e r -  

na t iona l  u se r s .  

It i s  estimated the s h u t t l e  w i l l  eventua l ly  c a r r y  out  

up t o  50 space missions p e r  year .  Approximately 30 

percent  of the missions w i l l  be f o r  the Department of 

Defense. About 80 percent  of the  missiogs w i l l  be t o  

deploy, se rv ice ,  o r  recover  automated s a t e l l i t e  pay- 

loads.  All t he  c l a s s e s  of missions c u r r e n t l y  being 

flown on e x i s t i n g  launch vehic les  ranging i n  capa- 

b i l i t y  from Thor-Delta up through Sa turn  IB w i l l  be 

ca r r i ed  o u t  with the space s h u t t l e  which w i l l  there- 

f o r e  rep lace  most of the s ingle-use expendable launch 

vehic les  now In use.  

The National Aeronautics and Space Adminis t ra t ion 

plans t o  develop the space s h u t t l e  over  the next  s ix  

years ,  

o r b i t a l  t e s t  f l i g h t s  i n  1978, and the complete space 

s h u t t l e  vehic le  i s  expected t o  be ope ra t iona l  before  

Horizontal  test f l i g h t s  a r e  t o  begin i n  1976, 

1980. 

3. S h u t t l e  Benef i t s  

Through Its many e a r t h  a p p l i c a t i o n s  and i ts  e f f e c t  on 

t h e  economy, the space program has favorably  benefi ted 

many segments of t h e  Nation - science,  commerce, 

6 
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. Andustry, educat ion,  ag r i cu l tu re ,  a v i a t i o n ,  communi- 

ca t ions ,  ecology, mediche ,  and n a t i o n a l  s e c u r i t y .  

Advances i n  t e c h n i c a l  f ie lds  have been s t imulated a t  

an unprecedented pace and have been a s i g n i f i c a n t  

f a c t o r  in helping the United States t o  maintain a 

p o s i t i o n  of technological  leadership.  

Continued space a c t i v i t i e s  can y i e l d  sig@f i c a n t  long- 

t e r m  improvements t o  l i f e  on earth. To achieve these 

improvements, it is first necessary t o  opera te  more 

economically in space so that i t s  f u l l  u t i l i z a t i o n  

w i l l  be poss ib l e  wi th in  the larger context  of other 

n a t i o n a l  goa l s  and programs. The s h u t t l e  w i l l  reduce 

the c o s t  of space t r anspor t a t ion  by providing a 

reusable  system w i t h  a flexible launch rate c a p a b i l i t y  

and a short turn-arol-lnd time, In addlt lon t o  t h e  

t r a n s p o r t a t i o n  savings,  very s i g n l f  i c a n t  economies 

w i l l  be r e a l i z e d  in reduced payload c o s t s  due t o  

relaxed weight and volume cons t r a in t s ,  c a p a b i l i t y  t o  

r e v i s i t  and r e t u r n  payloads fo r  repair and reuse,  and 

safe, i n t a c t  a b o r t  of payloads. 

Environmental. . qua l i t y  stands h igh  on the l i s t  of 

p o t e n t i a l  b e n e f i c i a r i e s  of the space s h u t t l e  program. 

Earth sens ing  and the  corcil lary data a n a l y s i s  tech-  

nologies  are today largely s t l l l  undergoing development 

7 



. b u t  a l ready  show much promise i n  monitoring a i r  and 

water pol lu t ion ,  land-use p a t t e r n s ,  and other f a c t o r s  

comprising environmental qua l i t y .  Development and 

ope ra t ion  of the space s h u t t l e ,  because of i t s  capa- 

b i l i t y  of reducing c o s t s  and inc reas ing  f l e x i b i l i t y ,  

w i l l  f o s t e r  the a p p l i c a t i o n  of earth sens ing  tech-  

nologies  t o  the monitoring and c o n t r o l  of  environ- 

mental q u a l i t y  . 
The same technologies can be a p p l i e d  t o  the improved 

management of the earth’s resources ,  bo th  renewable 

(e.g., food) and non-renewable (e.g., minera ls ) ,  and 

ex tens ive  r e sea rch  and development In  these app l i ca -  

t i o n s  is  underway. Operation of the space s h u t t l e  

w i l l  g r e a t l y  c o n t r i b u t e  t o  conserva t ion  and wise 

u t i l i z a t i o n  of these f in i t e ,  and, I n  some cases ,  

dwindling resources  on a n a t i o n a l  and a global basis. 

The s h u t t l e  w i l l  c o n t r i b u t e  t o  conserva t ion  of resources  

I n  y e t  another  way. Reusab i l i t y  of n e a r l y  a l l  the 

s h u t t l e  components and of the sa te l l i t es  and o t h e r  

payloads w i l l  reduce the c’onsumption of  s t r u c t u r a l  

metals, such as aluminum, steel, and t i t an ium,  and the 

va luable  a u x i l i a r y  materials, such as copper, s i l v e r ,  

and gold,  a l l  used In c u r r e n t  expendable launch  
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vehic les  and t h e i r  s a t e l l i t e  payloads . 
These b e n e f i t s  can be obtained a t  reasonable  cos t s .  

Monetary c o s t s  are d e t a i l e d  in Appendix A, where it 

is  shown that savings r e s u l t i n g  from the reduct ion  of 

opera t ing  c o s t s  of the shuttle below those of cu r ren t  

methods w i l l  more than pay the c o s t s - o f  s h u t t l e  develop- 

ment. 

Environmental e f f e c t s  a r e  summarized in the fol lowing 

sec t ions .  They are shown t o  be highly l oca l i zed ,  of 

s h o r t  durat ion,  and con t ro l l ab le .  Where the possl- 

b l l i t y  of some de t r imenta l  environmental impact e x i s t s ,  

ope ra t iona l  c o n s t r a i n t s  w i l l  be imposed t o  preclude or 

minlrnize these impacts. 

4. Space Shutt le-  Conffuurat ion (see Figure 1B) 

Orbiter .  The o r b i t e r  w i l l  be approximately 36 meters 

(120 feet) long and have a w l n g  spread of 23 neters 

(75 feet) .  

(200,000 pounds) a t  launch. The manned o r b i t e r  w l l l  

It w i l l  weigh about g l ,OOO kilograms 

be propel led by three high pressure l i q u i d  hydrogen- 

l i q u i d  oxygen engines,  each providing 2 t h r u s t  in 

space of 2,090,000 newtons (470,000 pounds). Fuels  

for these er-gines w i l l  be ca r r i ed  i n  an  expendable 

e x t e r n a l  p rope l l an t  tank at tached t o  the o r b i t e r  and 

j e t t i s o n e d  when o r b i t  has been achieved. 

9 
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I . The crew of the o r b i t e r  w113 c o n s i s t  of a p i l o t ,  
1 

eo-p i lo t ,  systems monitor, and payload s p e c i a l i s t .  

The s h u t t l e  o r b i t e r  w i l l  experience a maximum load 

f a c t o r  of  3 g ' s  during launch and r e e n t r y  and w i l l  

have a cross-range maneuvering c a p a b i l i t y  s u f f i c i e n t  

t o  permit r e t u r n  t o  the launch s i t e  af ter  one o r b i t a l  

revolu t ion .  

Booster.  The boos te r  w i l l  c o n s i s t  of two sol id-fueled 

rocke t  motors of approxlmately 13 m i l l i o n  newtons (3  
m i l l i o n  pounds) t h rus t  and weighing 635,000 kilograms 

(1.4 m i l l i o n  pounds) each at  launch. The s o l i d  rocke ts  

. 

w i l l  burn o u t  and be j e t t i soned  a t  an  a l t i t u d e  of about  

55 ki lometers  (30 n a u t i c a l  miles) while the o r b i t e r  

engines  con tmue  burning t o  c a r r y  the o r b i t e r  i n t o  

space.  The boos te rs  w i l l  be dece lera ted  i n  their 

descent  by parachutes  and/or rocke t s  f o r  landing in 

the water from which they w i l l  be recovered f o r  r e f u r -  

bishment and reuse.  

5. Nissfon Sequence and E r - ~ i r o m e n t a l  E f f e c t s  

Normal space s h u t t l e  misslons w i l l  commence with the . 

launch, during which both  booster  and o r b i t e r  rocket  

motors are operating. Envlronrnenfal f a c t o r s  in th i s  

phase are the poss lb le  short-durat ion effects on a i r  



q u a l i t y  and the  rocket-generated noise .  

ascent ,  a sonic boom occurs  some d i s t ance  down range. 

Af t e r  burnout of the two boos ter  motors, they are 

Je t t i soned  and they r e e n t e r  the atmosphere f o r  recovery 

about 185 t o  370 kilometers  (100 t o  200 n a u t i c a l  miles) 

down range from the launch s i te .  

f ac to r  during booster  reent ry .  

The o r b i t e r  cont inues on In to  o r b i t  and i t s  l i q u i d  

hydrogedl lquid  oxygen main propel lan t  tank is  j e t t i -  

soned when empty. T h i s  t ank  i s  disposed of i n  a pre- 

determined i s o l a t e d  ocean area. 

During the  

Sonic boom is a 

I No negat ive environmental f a c t o r s  have been i d e n t i f i e d  

with s h u t t l e  earth o r b i t a l  opera t ions  . 
Upon completion of the mission i n  o r b i t ,  o r b i t e r  retro- 

rockets  w i l l  be f i r e d  and the o r b i t e r  will then  r e e n t e r  

the atmosphere, maneuver t o  t h e  des i red  landing  s i te ,  

and land.  Sonic boom is  the ch ief  environmental e f f e c t  

of the o r b i t e r  t ha t  must be considered dur ing  the 

r e t u r n  phase. 

Abort s i t u a t i o n s  conceivably could occur  a t  launch, 

during ascent  t o  o rb i t ,  I n  o r b i t ,  and during r e e n t r y ,  

and their  poss ib le  environmental e f f e c t s  are considered 
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herein.  However, a b o r t s  

improbable; i n  any case,  

a r e  deemed t o  be highly 

the environmental  impl ica t ions  

of such a b o r t  cases  are of l i m i t e d  e x t e n t  -and durat'lon. 

Geographic Locat i on  of Program A c t i v i t i e s  

The ini t ia l  launch and landing s i t e  w i l l  be a t  the  

Kennedy Space Center, 

used f o r  research  and 

t o  begin in 1978, and 

Flor ida.  T h i s  s i te  w i l l  be 

development launchFs, expected 

for a l l  ope ra t iona l  f l i g h t s  

launched i n t o  e a s t e r l y  o r b i t s  . Facili t ies f o r  a l l  

s h u t t l e  u s e r s  a t  HSC w i l l  be provided by NASA, l a r g e l y  

through modif icat ions of existing f a c i l f t i e s  b u i l t  for 

t h e  Apollo and o t h e r  programs. 

Toward the end of the decade, it Is planned that  a .  

second ope ra t iona l  s i te  w i l l  be phased i n  a t  Vandenberg 

A i r  Force Base, Cal i forn ia ,  f o r  s h u t t l e  f l i gh t s  r equ i r -  

ing high i n c l i n a t i o n  o r b i t s .  The bas i c  s h u t t l e  f a c i l i -  

t ies  required a t  Vandenberg are planned t o  be provided 

by the Department of  Defense. 

Booster development r e s p o n s i b i l i t y  rests with the 

Marshall Space F l igh t  Center, Alabama, and that f o r  

the orblter rests with the Manned Spacecraf t  Center, 

Houston, Texas . Development and t e s t i n g  a c t i v i t i e s  

w113 be c a r r i e d  out  a t  these and o t h e r  l o c a t i b n s .  



. Rocket engine t e s t i n g  w i l l  be conducted i n  remote 

areas so that  the  no i se  and exhaust  products can be 

adequately d ispersed  and con t ro l l ed  . For example, 

t e s t i n g  of the o r b i t e r  main engines  w i l l  be c a r r i e d  

out  a t  the e x i s t i n g  NASA M i s s i s s i p p i  T e s t  F a c i l i t y ,  

Bay S t .  Louis, Mis s i s s ipp i .  

Environmental f a c t o r s  were c a r e f u l l y  considered i n  

the s e l e c t i o n  of these sites. The s i t e s  have s u f f i c i e n t  

c o n t r o l  area surrounding them t o  e l imina te  any adverse 

e f f e c t s  on inhabi ted  areas, persons, o r  property from 

no i se  o r  p o l l u t a n t s  r e s u l t i n g  f rom launch o r  t e s t i n g  

a c t i v i t i e s .  An important cons ide ra t ion  i n  launch and 

landing s i t e  s e l e c t i o n  was the desire t o  minimize the  

effect  of  the sonic  boom on populated areas. 

Environmental impact s ta tements  f o r  NASA a c t i v i t i e s  

a t  these i n s t a l l a t i o n s  are a l r eady  i n  existence.* 

* i i ~ s t i t u ~ l o n a l  Environmental Impact Statement, 'I John F. 
Kennedy Space Center  ( inc lud ing  ope ra t ions  i n  F lo r ida  and 
a t  Vandenberg A i r  Force Base , 'Ca l i fo rn ia ) ,  d a t e d  August 11; 
1971, submitted t o  the Council  on Environmental Qual i ty ,  
September 2 9 ,  1971. 
"Draft Environmental Impact Statement,  
Fl ight  Center, dated February 1971, submitted t o  the Council  
on Environmental Qual i ty ,  March 12, 1971. 
"Environmental Impact Statement,  
and White Sands Test F a c i l i t y ,  dated July 1971, submitted 
t o  the CEQ, September 29, 1971. 

Marshall Space 

Manned Spacec ra f t  Center  



Details of  any signifleant envlr nrnental effec s 

at  these locations, Including social, cultural, and 

demographic e f fects ,  w i l l  be provided, if necessary, 

in amendments t o  those statements. 



B. POSSIBLE ADVERSE CONSEQUENCES 

Of the  environmental e f f e c t s  mentioned i n  the  .preceding 

sec t ion .and  f u r t h e r  d e t a i l e d  i n  Sec t ion  C, three may 

have some p o t e n t i a l  of adverse ly  a f f e c t i n g  the environ-  

ment. These three are: (1) a i r  pol lu t ion ,  (2)  6onic 

boom, and (3) o r b i t e r  tank  reent ry .  These and the 

measures t o  be taken t o  preclude o r  a l l e v i a t e  these 

e f f e c t s  a r e  descr ibed below: 

1. Air Pol lu t ion  

Emissions of hydrogen ch lor ide  (HC1) from the s o l i d  

boos t e r s  may c r e a t e  p o t e n t i a l l y  hazardous condi t ions i n  

the immediate v i c i n i t y  of t he  launch s i t e  t o r  a s h o r t  

per iod of time 

some measurements made of s o l i d  rocke t  launches i n d i c a t e  

that concentrat ions a t  ground l e v e l  beneath the exhaust  

cloud a r e  wel l  below the maximum al lowable 10-minute 

concentrat ions for  man, and ' tha t  the p r i n c i p a l  concern 

I n  the case of normal launches is the p o s s i b i l i t y  of 

r a i n  scrubbing out  the HC1 from the exhaust cloud i n  

concentrat ions s u f f i c i e n t  t o  have an adverse e f f e c t .  

Extensive t h e o r e t i c a l  ca l cu la t ions  and 

This  same p o t e n t i a l  exists f o r  the c u r r e n t l y  ope ra t iona l  

T i t a n  I11 system. 

been adopted t h a t  defer launches I f  weather cond i t ions  

Standard ope ra t iona l  procedures have 

16 



are such tha t  the  pred ic t ions  of exhaus t  cloud concen- 

t r a t i o n s ,  movements, and weather i n d i c a t e  unacceptable 

condi t ions.  The success  of these precaut ions i s  dernon- 

strated by the launching of a l l  twenty T i t a n  111 vehic les  

t o  date without i nc iden t .  Similar ope ra t iona l  c o n s t a i n t s  

w i l l  be imposed on space s h u t t l e  launches t o  e l imlna te  

the p o s s i b i l i t y  of  unacceptable HC1 concentrat ions i n  

the a i r  o r  on the surface.  IiZzrthermore, the  launch 

s i t e  eva lua t ion  included f u l l  considerat ion of HCl  

emissions; the launch f a c i l i t i e s  w i l l  be l a i d  o u t  t o  

ensure t h a t  any hazard po ten t i a l  is minimized. 

In the event  of on-pad f i re  OF low-level abor t  of the 

boos ter  w i t h  a l l  the s o l i d  propel lan ts  consumed i n  the 

r e s u l t i n g  fires, concentrat ions would be higher than 

f o r  normal launches,  bu t  s t i l l  wi th in  the al lowable 

l i m i t s .  Based on the demonstrated r e l i a b i l i t y  of man- 

rated launch vehic les  t o  date, and consider ing t h e  spzce 

s h u t t l e  design, inspec t ions ,  and q u a l i t y  c o n t r o l  requi re -  

ments, such an abnormal event  i s  considered very unl ike ly .  

2. Sonic Boom 

As in o t h e r  space launches, t h e  s h u t t l e  launch imposes 

a focused sonic  boom. It will be l i m i t e d  t o  a narrow 

area 

from 

about 60 kilometers  (33 nau t i ca l  miles) down range 

the launch s i te  which may r e s u l t  In overpressures  



reaching as high as about 1,400 newtons p e r  square 
2 meter (N/m )(3O pounds per square f o o t ,  or psf'). As 

t h i s  gets into t h e  range of overpressures  t ha t  could 

poss ib ly  damage s t r u c t u r e s ,  the launch s i t e  and mission 

t r a j e c t o r i e s  have been chosen so that  the boom w i l l  

occur over  t h e  ocean. There w i l l  be some c o n s t r a i n t s  

on the economic o r  r e c r e a t i o n a l  use  of that l i m i t e d  

ocean area d u r i n g  a launch per iod.  As I n  the case of 

c u r r e n t  launches, warning no t  Ices w i l l  be Issued p r i o r  

t o  s h u t t l e  operat ions . 
Fur the r  down range over the open ocean, the r een te r ing  

boos te r  w i l l  cause a small sonic  boom of about 144 

N/m2 ( 3  p s f ) .  

w i l l  occur  over an ocean area a l r eady  i d e n t i f i e d  i n  

advance of each s h u t t l e  opera t ion  as  the boos te r  recovery 

and r e t u r n  area. 

Orbiter r een t ry  sonic  boom w i l l  no t  r each  l e v e l s  greater 

than about  48 N/m2 (1 p s f )  except  f o r  a very small reg ion  

where it w l l l  approach 96 N/m 

This  boom a f f o r d s  no hazard and f u r t h e r  

2 
(2  p s f )  . Return t ra-  

j e c t o r i e s  w l l l  be con t ro l l ed  t o  avoid inc reases  o r  

focus ing  above t h i s  l e v e l  over  land. Based on the i n f r e -  

quent s h u t t l e  f l i g h t  schedule and the low upper l i m i t  

of t h i s  overpressure,  the orb i te r  r e e n t r y  sonic boom 
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I s w i l l  no t  present a hazard. 

3. Orbiter Tank Reentry 

Both the spent  boos te r  and o r b i t e r  p rope l l an t  tank w i l l  
I 

t 
1 r e e n t e r  the  atmosphere d u r i n g  t h e  course of each s h u t t l e  

mission. The boos t e r  w i l l  be deslgned t o  be reused, 

I and will thus  be parachuted to a landing  in the ocean 

a t  s u f f i c i e n t l y  low impact v e l o c i t i e s  t o  ensure s u r v i v a l  

and recovery. 

I 

The o r b i t e r  tank w i l l  be made t o  r e e n t e r  and d r o p  i n  a 

predetermined, remote ocean l o c a t i o n  away from commercial 

sh ipping  l anes ,  fishing grounds, o r  r e c r e a t i o n a l  area. 

I 

The o r b i t e r  t ank  w i l l  probably break up during atmos- 

pher ic  r e e n t r y ,  Appropriate warnings w i l l  be issued.  ' 

o r b i t e r  t ank  explos ion  and f i r e  should pqopel lan ts  s t i l l  

be present .  During the early phase of launch, when 

large amounts of p rope l l an t s  remain, the a f f e c t e d  a r e a  

would be the normal down range area a l r eady  treated as 

hazardous because of boos te r  r een t ry ,  A t  l a t e r  stages 

of the launch, much p rope l l an t  would have been consumed 

and any abort-induced r e e n t r y  would be like that  of the 

n o m i l  mission. Should the t ank  r e t r o r o c k e t  f z i l  t o  

f l r e  i n  o r b i t ,  the tar,k would undergo uncont ro l ied  

19 



r e e n t r y  and d i s i n t e g r a t i o n  much as does o r b i t a l  d e b r i s  

which cu r ren t ly  r e e n t e r s  pe r iod ica l ly .  The ex ten t  of 

t h i s  hazard has been considered and is small based on 

world-wide experience t o  date. 
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C. ENVIRONMENTAL EFFECTS 

1 1. General 
I 

The r e l a t i o n s h i p  of t he  NASA space s h u t t l e  program t o  

the environment is  considered below covering the e f f e c t s  

of exhaust  emissions on a i r  qua l i ty ,  the  poss ib l e  r o l e  

of p rope l l an t s  on water qua l i t y ,  the ques t ion  of engine 

noise ,  and the management of sonic boom. The ques t ions  

of land use  and c u l t u r a l ,  soc i a l ,  and demographic 

e f f e c t s  are d i r e c t l y  related t o  the si tes of program 

1 

I 

I a c t i v i t i e s  and w i l l  be sepa ra t e ly  and f u l l y  treated a s  

necessary i n  i n s t i t u t i o n a l  environmental impact s t a t e -  ! 
merits. Sol id  waste management is not  considered t o  be 

a problem. No r a d i o a c t i v e  ma te r i a l s  a r e  planned t o  be 

used as p a r t  of the space s h u t t l e  t r a n s p o r t a t i o n  system. 

2. A i r  Qual i ty  

I Source and Nature of Emissions. The space s h u t t l e  f l i g h t  
1 
I system w i l l  be powered by chemical rocke t  engines.  These 

. .  

engines ope ra t e  by the combustion of a f u e l  and self-  

contained ox id ize r .  The types  of p rope l l an t s  t o  be used 

by the  s h u t t l e  are l i s t e d  i n  T a b l e s  I A  and 1E. The pro- 

d u c t s  of combustion exhausted from the rocket  nozzle  may ' 

inc lude  compounds and molecular spec ie s  which are nc t  

stable a t  ambient condi t ions ,  or  which m y  r e a c t  with 
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Table 1 A  
SUMMARY OF PROPELLANTS, LIQUIDS AND GASES 

Booster  Main Propulsion Kilograms 

So l id  Propellant/Polymer Oxidizer Aluminum 1,ogo,ooo 

Liquid Oxygen (LOX) 558,000 
Liquid Hydrogen (L ) 95,300 

1,300 

O r b i t e r  Main Propulsion System 

L0XAH;I Tank R e t r o 2 o c k e t  (Sol id  P rope l l an t )  

O r b i t  Maneuvering Propulsion System L/ 1/ 
AV=305 meters/sec AV=763 meters/sec 

Nitrogen Tetroxide (N Ob) (kg) 6,930 14,860 
Aerozine-50 (A-50) (& 4,330 9,290 
Helium (kg) 17 36 

O r b i t e r  RCS F l u i d s  and Gases - 2/. 

Biopropel lant  o r  Monopropellant 

Helium 14 kg Helium 27 kg 
Hydra z l n e  Monomethyl 

Nitrogen Tetroxide 
Hydrazine (MMH) 1,060 kg (N&) 3,450 ’kg 

(N204) 1,700 kg 

Hydraulic F lu id  (MIL-H- 
83282 7 . Estimated loss of 5% p e r  
mission through e x t e r n a l  leakage. 

O r b i t e r  Hydraulic System: 215 

O r b i t e r  Auxiliary Power Unit  (APU): Lubricant  - 27 kg 
change o u t  every mission 

O r b i t e r  Fuel C e l l  Reactants:  

Helium - 
HydrazIn2:’& kg 

Oxygen - 658 kg 
Hydrogen - 79.5 kg 

Orbiter A i r  Breathing Engine System: 

JP 
Space Mission 0 to 2,270 kg 
Ferry  ( a i r p o r t - t o - a i r p o r t )  up t o  22,700 kg a t  

takeoff  

f i g u r e s  span t h e  range of a n t i c i p a t e d  on-orb i t  change 
(av) requirements.  

i n  space. Any r e s i d u a l s  after land- 
f o r  d i sposa l .  
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Table 1B 
SzlMMAKy OF' PROPEmmS, LIQUIDS AND GASES 

LbS . Booster  Main Propulsion - 
2, .400,000 Sol id  Propellant/Polgmer Oxidizer A l u m i n u m  

Orb i t e r  Main Propulsion System 

Liquld Oxygen (LOX) 1,230,000 

2,900 
Llquid Hydrogen (LH ) 210,000 
LOXhH2 Tank Retro-gocket (Solid Propellant) 

Orbi t  Maneuvering Propulsion System 

AV=3,000 f p s  AV=$,500 f p s  

Nitrogen Tetroxide ( N  Oh) (Ibs.) 15,282 32,721 
Aerozhe-50 (A-50) (lbg .) * 9,552 20,451 
H e l i u m  ( I b s , )  37 79 

Orbiter RCS Fluids and Gases 

Blopropellant o r  Mono propellant 

Helium 30 l b s .  Helium 60 l b s .  
Monomethyl Hydrazine 

mdrazlne (E) 2,340 Ibs .  (N2H4) 7,600 Ibs . 
Nltrogen Tetroxide 

(N&) 3,740 l b s .  

O r b i t e r  Hydraullc System: 474 Ibs. Hydraulic Fluid (MIL-H- 
83282). Estimated l o s s  of 5% per 
mission through external leakage, 

Orbiter Auxiliary Power U n i t  (APUb Lubricant - 60 l b s .  
change out every mission 
Helium - 20 lbs.  
Eydrazine - 1,820 Ibs .  

Oxygen - 1,450 Ibs. 
Hydrogen - 175 lbs .  

Orbiter Fuel C e l l  Reactants: 1/ 

OrbSter Air Breathing Engine  System: ' 

Jp 
Space Mission 
Ferry ( a ~rport- t o  -airport  ) 

0 t o  5,000 Ibs.  
Up to 50,000 Ibs. at 

takeof F 

- l/These f lg i l res  span the range of anticipated on-orbit range 
i n  v e l o c i t y  @v) requirements. 
2/Normallg expended I n  space. 
fie contalned f o r  d i sposa l .  

Any res idua ls  after landing w i l l '  
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the  ambient atmosphere. Knowledge of the d e t a i l e d  com- 

p o s i t i o n  of rocket  exhaust gases is based on thermoohemlcal 

c a l c u l a t i o n s  and confirmed by t h r u s t  measurements and 

rocke t  plume s tud ie s .  Major chemical spec ie s  emitted 

by the space s h u t t l e  rocke t  engines a r e  l i s t e d  in 

Table 2.  

the  ear th 's  heat balance and on t h e  ozone and e l e c t r o n  

*Numbers i n  the s u p e r s c r i p t  parentheses  are references ,  
see Appendix B. 
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O f  the major exhaust c o n s t i t u e n t s ,  carbon monoxide (CO), 

hydrogen ch lor ide  ( H C l ) ,  and alumimum oxide (A1 0 ) 

could be c lass i f ied as a i r  p o l l u t a n t s .  Though t h e  

carbon monoxide will gene ra l ly  completely oxid lze  t o  

2 3  

carbon dioxide i n  the plume a t  low a l t i t u d e s  (I)*, it is  

r e t a i n e d  i n  the following d i scuss ion  f o r  conservatism. 

The molecular weights and maximum allowable concentra- 

t i o n s  f o r  a 10-minute, emergency exposure of i n d u s t r i a l  

workers (MACl0) for CO and HC1 as recommended t o  m i l i t a r y  

and space agencies by the  Committee on Toxicology, 

Nat ional  Research Council(2) and f o r  A1203 (31, a r e  l i s t e d  

i n  Table 3. 



Product 
Solid Rocket Motor 

H C l  

3 
2 0  
H2 co 
O$& H 

Sol id  P a r t i c u l a t e s  

Alumhum Oxide 
Aluminum Chloride 
Iron Chloride 

Orblter Main Propuls ion 

go 
Auxilizrg Power Unit 

Table 2 
Exhaust Products 
Percent by Weight 

weight $ 

20 . 90 
0.06 

24.37 
8.50 

10 39 
2.11 
4.32 
0.02 

28.34 
0.02 
0.97 

l00.00 

100.00 
Trace 

28.0 
44.0 
100.0 
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Table 3 
SELECTED ROCKET ENGINE COMBUSTION PRODUCTS 

V)MOWABLE MOLECULAR WEIGHTS AND 10-MINWE MAX 
CONCENTRATIONS (MAClo) FOR MAN 

Fuel 
Component 

co 
H C 1  

A1203 

MAC Molecular 
Weiaht 10 
28.01 

36.47 
101 * 94 

1,500 PPm 

30 PPm 
50 mg m-3 
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t 

.concentrat ion.  The d i spe r s ion  c h a r a c t e r i s t i c s  w l t h i n  

selected l a y e r s  of the atmosphere are shown i n  
Table 4. (4) ( 5 )  

The d i s t r i b u t i o n  of combustion products i n t o  these l a y e r s  

f o r  the space s h u t t l e  is shown in Tables 5 A  and 5B. 

Environmental E f f e c t s  - F l i g h t  Operations. In a normal 

launch, the exhaust products. are d i s t r i b u t e d  along the 

v e h i c l e  t r a j e c t o r y  ( fo r  about 135 seconds for the 

boos ter  and about 8 minutes for the o r b i t e r ) .  Due t o  

the a c c e l e r a t i o n  of the vehicle ,  the q u a n t i t i e s  e m i t t e d  

per  u n i t  l e n g t h  of t r a j e c t o r y  a r e  greatest a t  ground 

l e v e l  and decrease continuously along the f l i g h t  path. 

To permi t  assessment of p o t e n t i a l  a ir p o l l u t i o n  from a 
nor-ai ia-urlc~l, LL - ---.-- 

but: criiiuuiitS of CG, R c l ,  a s d  A I - = -  2 3  
r e s u l t i n g  f rom. the  normal launch of a space s h u t t l e  have 

been ca l cu la t ed .  The motion and d i f f u s i o n  of the exhaust  

cloud r i s i n g  from the launch pad a f te r  launch is  calcu-  

lated f o r  the appropr l a t e  exhaust products and atmospheric 

The r e s u l t  o f  most importance i s  the cond i t ions  . 
hPstory of the  concent ra t ion  of the p o l l u t a n t  a t  ground 

level  downwind of the launch point  should wind c u r r e n t s  

(6 )  (7) 

move a po r t ion  of the cloud t o  the ground. Resul t s  f o r  
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, the three p o l l u t a n t s  are shown i n  F igures  2, 3, and 4, 

r e s p e c t i v e l y .  In  each case,  three a l t e r n a t i v e  trieteor- 

o l o g i c a l  condi t ions  c h a r a c t e r i s t i c  of the Kennedy Space 

Center are used t o  show the dependence upon wind and 

temperature appropr i a t e  t o  d i f f e r e n t  seasons.  S imi l a r  

e f f e c t s  are expected a t  Vandenberg A i r  Force Base. 

These condi t ions  a r e  those which g e n e r a l l y  produce the , 

l a r g e s t  p red ic ted  concentrat ions of pol lu ta r i t s  a t  

ground l e v e l .  I n  a l l  normal launch cases ,  the peak 

concent ra t ions  a r e  wel l  below the  a p p l i c a b l e  maximum 

a l lowable  10-minute concentrat ion l e v e l s  shown i n  

Table 3. 

From the po in t  of view of p o t e n t i a l  a i r  po l lu t ion ,  the 

worst case acc iden t  would be a pad a b o r t  w i th  complete 

burning of  all s o l i d  rocke t  p rope l l an t s  on the pad. 

Exhaust cloud concent ra t ions  of CO, HC1, and Al 0 

have been ca l cu la t ed  as a func t ion  of d i s t a n c e  down- 

wind or" the launch pad f o r  this a b o r t  case  by the method 

descrLbed previously,  and the  r e s u l t s  a re  shown i n  

F igures  5, 6, and 7 ( 6 ) ( 7 ) ,  r e spec t ive ly .  The f i g u r e s  

show t h a t  peak concent ra t ions  are  about 5 to 10  times 

2 3  

la-rger. f o r  th is  ease  than  f o r  the normal launch, b u t  

would s t i l l  be below the 10-minute maximum al lowable 
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3. Peak centerline concentration of A1203 at the surface 
downwind from %r nom21 launch 
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Figure 4.' Peak centerline concentration of Al2O3 a t  the surface 
downwind from a normal launch 
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downwind from a. pad abort. 



e DISTANCE (meters) 

Figure 6. Peak c e n t e r l i n e  concent ra t ion  of H C 1  a t  t h e  surface down- 
wind from a pad abor t .  
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Figure 7 .  Peak center l ine  concentration of AL203 at the supface 
downwind f rom a pad abort .  
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concen t r a t ion  l e v e l s  of Table 3 f o r  d i s t a n c e s  beyond 

300 t o  400 meters (1,000 t o  1,300 f ee t ) ,  well w i th in  

t h e  cont ro l led  a r e a .  

Additional c r i t e r i a  have been developed f o r  the genera l  

publ ic  f o r  exposure t o  hydrogen ch lo r ide .  ( 8, Guides 

f o r  hydrogen  ch lo r ide  are: 

Concentrat i on  E f f e c t  

1 - 10 ppm Odor th reshold  

5 - 10 PPm 

Concentration 

4 PPm 

Disagreeable o r  
i r r i t a t i n g  

Recommended L i m i t  

10-minute publ ic  l i m i t  

2 PPm 60-minute p u b l i c  l i m i t  

These concentrat ion l e v e l s  a r e  time-weighted averages . 

considered t o  present  no h e a l t h  hazards .  Excursions 

above these l e v e l s  a r e  likely t o  produce ob jec t ionab le  

odors and/or i r r i t a t i o n .  

downwind t h e  recommended l i m i t s  f o r  10- and 60-minute 

exposures may be exceeded b r i e f l y  f o r  a pad a b o r t  (see 

Figure 6 ) ,  t he  t i m e  dependence of the concent ra t ion  a t  

these loca t ions  is such that the time-averaged concen- 

Although a t  some l o c a t i o n s  

t r a t i o n  i s  less than 

spec i f i ed  per iods of 

The a b i l i t y  of space 

the recommended l i m i t s  for t h e  

t i m e  . 

s h u t t l e  ope ra t ions  t o  meet t h e  



. National  Pr imary  and Secondary Ambient A i r  Quality 

Standards has been evaluated.  F o r  CO, the peak concen- 

t r a t i o n  o f  approximately 8 par ts  per  m i l l i o n  which 

would be reached f o r  the o r d e r  o f  a f e w  minutes i n  the 

case  o f  a pad a b o r t  (Figure 5) is w e l l  below the 35 

par ts  per m i l l i o n  maximum one-hour concent ra t ion  

allowed. (9) 

p a r t i c u l a t e  only (lo), the peak concent ra t ion  of  approxi- 

mately 9 mill igrams per cubic  meter downwind a t  the 

su r face  (Figure 7) appears g r e a t e r  than  the Nat ional  

Secondary Ambient A i r  Qua l i ty  Standard f o r  p a r t i c u l a t e s  

For A 1 2 0 3  which is  regarded a s  a n  i n e r t  

I 
I 
I 

of 0.15 milligrams p e r  cubic meter - maximum 24-hour 

concent ra t ion .  (9)  However, t h e  peak concent ra t ion  

would pers is t  f o r  the o r d e r  of a f e w  minutes only.  

w u t = L l  averaked over  a 24-i-iour period, t h e  ambkn i  a i r  

concent ra t ion  f o r  the pad-abort s i t u a t i o n  depicted would 

f a l l  below the s tandard.  There is p r e s e n t l y  no National 

Primary and Secondary Ambient A i r  Qual i ty  Standard f o r  

HCI.  As descr ibed i n  the  paragraph above, the  time- 

averaged concent ra t ion  i s  less than  the publ ic  l i m i t s  

1.n -- ^ --^--^ -- 

recommended by the Nat ional  Academy of Sciences/National 
Research Council. ( 8 )  

The p a r t i c u l a t e  depos i t ion  of A 1 2 0 3  has a l s o  been con- 

s i d e r e d .  While a l a r g e  f r a c t i o n  of the A1203 i s  
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.generated a t  a l t i t u d e ,  eventual  s e t t l i n g  of a l l  of the 

A 1  0 t o  the ground was presumed. The areas immediately 

surrounding the  s o l i d  rocke t  motor t e s t  s i tes ,  t h e  
2 3  

launch 'pads and tha t  overflown by the s h u t t l e  during 

a scen t  a r e  the only areas repeatedly a f f e c t e d .  The 

t e s t  s i t e s  and launch pads are con t ro l l ed  areas; t h e  

depos i t ion  of the i n e r t  A 1  0 i s  a nuisance only which 

w i l l  be accommodated through. proper design. The 
2 3  

average value of A 1  0 depos i t ion  i n  a t y p i c a l  launch 

c o r r i d o r  was ca l cu la t ed .  A t  a f l i g h t  rate of 50 p e r  
2 3  

year, t he  f a l l  ou t  would be approximately 0.0058 k i lo -  

grams per square meter (0.0012 pounds per  square f o o t )  

p e r  month. Since the  t r a j e c t o r i e s  of a l l  space s h u t t l e  

launches w i l l  l a r g e l y  be over t h e  ocean, no s i g n i f i -  

can t  f a l l  o u t  on land is envisioned and the f a l l  ou t  

l e v e l s  a r e  too  small t o  be  of s i g n i f i c a n c e  for the 

ocean. 

The National Academy of Sc iences/National Research 

Council Report ( 8 )  summarizes the known e f f e c t s  of HC1 

on w i l d l i f e .  The e f f e c t s  of even the predic ted  peak 

ground l e v e l  concent ra t ions  of 9 ppm for a pad a b o r t  

( Indicated i n  Figure 6) a re  n i l .  
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.HCl is  repor ted  ( 8 )  t o  be of only minor concern as t o ,  

i t s  e f f e c t s  on vegeta t ion  i n  comparison t o  o t h e r  phyto- 

t o x i c  a i r  p o l l u t a n t s  such as ozone, hydrogen f l u o r i d e  

and e thylene .  The threshold of i n j u r y  i s  apparent ly  

5 t o  10  ppm i f  continued f o r  a few hours. In  the space 

s h u t t l e  worst  ca se  s i t u a t i o n  (a pad a b o r t ) ,  t h i s  

threshold  l i m i t  would be reached (Figure 6) f o r  the 

o rde r  of a f e w  minutes and on ly  i n  t h e  immediate environs 

of  the pad i t s e l f .  

It should be noted that ,  s ince  the o u t s e t  of the manned 

space program through A p r i l  1972, 100 p e r  cent  of 

the NASA manned-rated launch vehic les  have been success- 

f u l  through f i r s t  s tag ing .  It is expected tha t  the 

r e l i a b i l i t y  of  the boos ter  and o r b i t e r  w i l l  be a s  good 

as tha t  demonstrated t o  d a t e  by manned launch veh ic l e s .  
i 

Upper Atmosphere Effec ts .  No adverse atmospheric 

' p o l l u t i o n  e f f e c t s .  o f  s h u t t l e  operat ions are foreseen  i n  

the t roposphere ( the  reg ion  of the atmosphere up t o  

about 10 h) because of the short  res idence  t i m e  of 

p a r t i c u l a t e s  and the r a p i d  mixing w i t h  the  ambient 

atmosphere of shuttle-produced water  vapor and gases ,  

except f o r  HC1 scavenging by r a i n  i n  the atmospheric 

boundary layer ( i . e . ,  from the s u r f a c e  of the ear th  

up t o  approximately 1,000 meters).  
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‘The s t r a tosphe re  ( t h e  region of the atmosphere between 

about 10 km and 50 km),  because of i t s  temperature 

increase  with a l t i t u d e ,  i s  r e l a t i v e l y  s t a b l e  compared 

wi th  t h e  uns tab le  t r o p o s p h e r e .  Consequently, t h e  

d i spers ion  t i m e  o f  gases  deposited i n  t h e  stratosphere 

may be up t o  two years  o r  more a s  compared t o  a d i s -  

pers ion  time of days i n  the  troposphere.  

sphere contains  the major  atmospheric gases,  oxygen 

and ni t rogen,  p l u s  n a t u r a l  q u a n t i t i e s  o f  the  minor 

cons t l t uen t s  - carbon dioxide,  water vapor, ozone, 

aerosols ,  s u l p h a t e s ,  n i t r a t e s ,  and o t h e r  t r a c e  gases  

The s t r a t o -  

and elements. 

The poss ib le  sho r t -  and long-term e f f e c t s  upon the , 

r a d i a t i o n  balance of t h e  e a r t h  because of  increased 

absorpt ion and s c a t t e r i n g  of r a d i a t i o n  t h a t  might r e s u l t  

f rom l a rge  inc reases  i n  carbon dioxide and water  vapor 

i n  the s t r a tosphe re  were t h e  s u b j e c t  of a r ecen t  special  

study (11) of c r i t i c a l  environmental problems. The study 

examined very high l e v e l s  o f  carbon dioxide and water  

vapor i n  t he  s t r a t o s p h e r e  and concluded t h e r e  was no 

evidence of damaging environmental e f f e c t s .  A t  a 

f l i g h t  r a t e  o f  50 missions per  year ,  t h e  s h u t t l e  would 

emit less than one ten-thousandth of the annual  amount 



. of CO, and water  vapor t ha t  t he  s tudy  h a d  found t o  be 

acceptable;  no negat ive environmental e f f e c t s  i n  t he  

s t r a t o s p h e r e  a r e  expected a s  a r e s u l t  of s h u t t l e  opera- 

t i o n s .  

The c i t e d  s tudy a l s o  considered the e f f e c t  of s t r a t o -  

sphe r i c  p a r t i c u l a t e s .  If p a r t i c u l a t e s  t h a t  have 

res idence  t i m e s  on the o r d e r  of y e a r s  were cons t an t ly  

added  t o  the s t r a tosphe re ,  there would be an  increase  
I 

i n  s t r a t o s p h e r i c  temperature.  The s h u t t l e  p a r t i c u l a t e s  

1 0 ) a r e  expected t o  range from about 1 micron up (*-e 3 
t o  40 microns i n  diameter  with an average diameter of 

approximately 10 microns ('*I, f o r  which the residence 

t i m s  w i l l  only be on the order  of a f e w  days. Thus, 

the s h u t t l e  p a r t i c u l a t e s  a r e  not expected t o  inf luence  

s t r a t o s p h e r i c  temperature.  

The mesosphere ( the r eg ion  of the atmosphere between 

about 50 and 80 km) has a good c h a r a c t e r i s t i c  mixing 

r a t e  and therefore the small amount of s h u t t l e  engine 

exhaust by-products (Table 5) d e p o s i t e d  i n  t h i s  reg ion  

w i l l  have an  i n s i g n i f i c a n t  environmental e f fec t .  Only 

water vapor is e m i t t e d  t o  the thermosphere (above lo5 la), 

and the t o t a l  amount which would be introduced assuming 
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50 missions each yea r  i s  about one ten-thousandth of  

(13 )  t h e  amount p re sen t  n a t u r a l l y  a t  these a l t i t u d e s .  

Hydrogen ch lo r ide  emissions have a p o t e n t i a l  of pro- 

ducing a change i n  the i o n i z a t i o n  of t h e  D and E 

reg ions  o f  the ionosphere.  

oxygen (HO) t a n k  r e t r o r o c k e t  w i l l  produce HCl  emissions 

i n  t h i s  reg ion ,  and only 274 kilograms (600 pounds) of 

HC1 p e r  f l i g h t  will be e m i t t e d  above an  a l t i t u d e  of  

67 krii. The e f f e c t s  of  eniissions of t h i s  quan t i ty  on 

t h e  ion iza t ion  l e v e l  a re  i n s i g n i f i c a n t  . 

Only t h e  o r b i t e r  hydrogen/ 

There a r e  two emissions t c  cons ider  during thc  ::pace 

s h u t t l e  o r b i t e r  r e e n t r y .  One i s  due t o  the ei'f't?t;t, o f  

t h e  o r b i t e r  shock wave on t h e  a i r  t ha t  produces n i t r i c  

oxide.  The o t h e r  i s  the  a b l a t i o n  of  t h e  thermal pro- 

t e c t i o n  materials t h a t  produces carbon and silicon. 

These w i l l  be produce i n  the upper mesosphere a t  a l t i t u d e s  

of 65 t o  85 km (approximately 35 t o  46 n a u t i c a l  m i l e s ) .  

The vehic le  i s  expected t o  produce less than  6,000 

kilograms (approximately 13,000 pounds) of n i t r i c  oxide 

and less  than  4,000 kilograms (approximately 9,000 pounds) 

of carbon and s i l i c o n  p e r  f l i g h t .  

Current models of t h e  atmosphere i n  this r eg ion  i n d i c a t e  
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t h a t  t h i s  n i t r i c  oxide would b e  dispersed and destroyed 

w i t h i n  t e n  days. The carbon and s i l i c o n  d i f f u s e  down- 

wayd t o  the earth. 

The p o s s i b i l i t y  that  ion iza t ion ,  induced i n  the shock 

i a y e r  during o r b i t e r  r e e n t r y  and remaining i n  the wake, 

may be s u f f i c i e n t  t o  c r e a t e  a s i g n i f i c a n t  e f f e c t  on 

telecommunications o r  i n  s o l a r - t e r r e s t r i a l  r e l a t i o n -  

ships is  under study. Estimates i n d i c a t e  t h a t  i on  

recombination t o  background l e v e l s  w i l l  occur w i t h i n  

one day. 

Environmental E f fec t s  - Engine Tes t s .  Engine t e s t s  

d i f f e r  from normal launches in tha t  a l l  of the  pro- 

p e l l a n t s  used are consumed a t  ground l e v e l .  For the 

solid rocke t  motors, this case can be no worse than  

the worst  ca se  a b o r t  treated i n  the previous sec t ion ,  

and the p o l l u t a n t  concent ra t ions  would be a t  worst  

equa l  t o  those  of F igures  5 through 7. 

A l l  l i q u i d  p rope l l an t  rocke t  engines used i n  the space 

s h u t t l e  are subjec ted  t o  acceptance f i r i n g  tests. The 

q u a n t i t y  of p r o p e l l a n t  consumed i n  these tests is  i n  

the range of one-quarter t o  twice t h e  p rope l l an t  con- 

sumed In  f l i gh t ,  t y p i c a l l y  about one-third.  Also, 

45 



research and developmental a c t i v i t i e s  r e s u l t  I n  t h e  

consumption of prope l l an t s  a t  a s i m i l a r  l e v e l .  FOP 

the o r b i t e r  main propulsion system, the product of 

combustion i s  water vapor. Tes t s  of t h e  o t h e r  smaller 

engines used by the  space s h u t t l e  would have no s i g n i f i -  

c a n t . e f f e c t s  due t o  the small amount of emi t t an t s  pro- 

duced (Table 1). 

Engine acceptance tes ts  are. performed a t  r e l a t i v e l y  

remote s i t e s ,  and access  t o  the si tes i s  con t ro l l ed .  

Su i t ab le  precaut ibns are taken t o  ensure the s a f e t y  

of t h e  test crew, including remote opera t ion  and pro- 

t e c t i v e  equipment.  

Environmental E f f e c t s  - E f f e c t s  of Rain. I n  a d d i t i o n  

t o  d i s p e r s a l  by a i r  cu r ren t s ,  poss ib l e  p r e c i p i t a t i o n  

( r a i n )  scavenging of HC1 from the s o l i d  rocke t  exhaust 

' cloud has been analyzed. ( 7 )  T h i s  phenomenon may occur 

only i f  t h e  space s h u t t l e  i s  launched during r a i n  

showers or i f  such showers occur along the f i rs t  100 

kilometers (54 n a u t i c a l  miles) of t h e  downwind t ra-  

jec tory  of t h e  elevated ground cloud of the exhaust 

products. If t h i s  t r a j e c t o r y  i s  over  water r a t h e r  

than land, t h e r e  a r e  no p o t e n t i a l  harmful e f f e c t s  

because of immediate d i l u t i o n .  For the over-land 

t r a j e c t o r i e s  of t he  exhaust cloud, the poss ib le '  harmful - 

1 



. e f f e c t s  of r a i n  conta in ing  HC1 w i l l  be analyzed p r i o r  

t o  each f i r i n g .  If t h e  ca l cu la t ions  p r e d i c t  unfavor- 

able condi t ions,  the launch w i l l  be postponed. 

3. Water Q u a l i t y  
I 

Source and Nature. With planned recovery of a l l  

I elements of the space s h u t t l e  except  t h e  o r b i t e r  tank, 

the p o t e n t i a l  impact of the program on water q u a l i t y  

i s  l i m i t e d  to:  

1 e On-pad acc iden t s  and propel lan t  spills which 

I may r e s u l t  i n  run-off of  p rope l l an t s  t o  l o c a l  
I 

drainage systems 

Q In-fl ight f a i l u r e s  which may r e s u l t  i n  veh ic l e  

hardware and propel lant  landing i n  the ocean 

Q Controlled r e e n t r y  of spent  boos t e r  and 

o r b i t e r  hydrogen/oxygen tanks ( t r e a t e d  

s e p a r a t e l y  i n  this statement) 

Provis ions such. as  dikes ,  ca tch  bas ins ,  e t c . ,  are made 

f o r  containing on-pad s p i l l s  and d ispos ing  of the 

s p i l l e d  p rope l l an t  without contaminating the water ( o r  

a i r )  environment. On-pad vehicle  f a i l u r e s  would 

normally be expected t o  r e s u l t  i n  a f i r e  that consumed 

most  o r  a l l  of the  propel lants ,  and, thus ,  have been 

handled i n  the s e c t i o n  on a i r  quality. Any unconsumed 
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propel lant  would be t r e a t e d  i n  the same way as a 

s p i l l .  

Impact on t h e  Environment. P o t e n t i a l  sources of 

p o l l u t a n t s  t o  t h e  marine environment and the major 

po l lu t an t s  a re :  

Hardware - Heavy metal ions  and 
miscellaneous compounds 

Sol id  p rope l l an t s  - Ammonium perchlora te  

Liquid p rope l l an t s  - Monomethyl Hydrazine, 
N H4, Aerozine-50, 
6 0 4  

Lubricants , hydraul ic  - Hydrocarbons 
f l u i d  

P o s s i b i l i t i e s  of water p o l l u t i o n  a r e  pr imari ly  asso-  

c i a t ed  with tox ic  ma te r i a l s  which may be re leased  t o  

and a re  so luble  i n  the water environment. Rocket 

propel lan ts  a r e  t h e  dominant source of such materials. 

A secondary cons idera t ion  r e l a t e s  t o  o i l s  and o t h e r  

hydrocarbon ma te r i a l s  which may be e s s e n t i a l l y  

i m m i s c i b l e  w i th  water but ,  i f  released, may f l o a t  on 

t h e  surface of the water, Quan t i t i e s  of hydrocarbons 

used a r e  small (Table 2 ) .  ' 

Je t t i soned  o r  reentered  hardware w i l l  corrode and 

thus  cont r ibu te  var ious  metal  i ons  t o  the environment. 
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The r a t e  of cor ros ion  i s  slow i n  comparison with the 

mixing and d i l u t i o n  r a t e  expected i n  a marine environ- I 

! a r e  not  expected t o  be produced. The miscellaneous 

I ment, and, hence, t ox ic  concentrat ions of metal ions  

ma te r i a l s  (e.g., b a t t e r y  e l e c t r o l y t e ,  hydraul ic  f l u i d )  

a r e  present  i n  such small q u a n t i t i e s  t h a t ,  a t  worst ,  

o n l y  extremely loca l i zed  and temporary e f f e c t s  would 

be  expected. 

The ch ief  p o t e n t i a l  f o r  water p o l l u t i o n  i s  the pro- 

p e l l a n t s ,  and s i n c e  i n  a normal launch e s s e n t i a l l y  

a l l  p rope l l an t s  o r  propel lan t  products are i n j e c t e d  

i n t o  the atmosphere and t h e  hardware i s  recovered 

(except  f o r  the o r b i t e r  t ank) ,  the case of abnormal 

launch i s  considered. I n  the event  of an i n - f l i g h t  

f a i l u r e  i n  the e a r l y  s t a g e s  of f l i g h t ,  the boos ter  

and o r b i t e r  t ank  would probably impact i n t a c t .  The 

o r b i t e r  would be expected t o  separa te  i n t a c t  and r e t u r n  

t o  the launch s i te .  

I 
I 

I 

Tables 6 A  and 6B show the amounts o f  p rope l lan t  remain- 

ing  i n  the boos te r  and o r b i t e r  a t  var ious t i m e s  during 

the  a scen t  phase, and thus  p o t e n t i a l l y  a v a i l a b l e  f o r  

r e l e a s e  t o  the environment a t  t h a t  point  i n  normal 

f l i g h t  o r  fol lowlng an a b o r t .  Shown a l s o  a r e  the down- 

range l o c a t i o n  o f  the corresponding impact po in ts .  
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The s o l i d  rocke t  boos te r  p rope l l an t  would cont inue 

t o  b u r n  with the products of combustion as l i s t e d  i n  

Table 2 being dispersed i n t o  the a i r  o r  absorbed 

i n t o  the  ocean water.  Any unburned s o l i d  p rope l l an t  

would slowly d i spe r se .  

Table 7 shows t h e  estimated maximum allowable concen- 

t r a t i o n s  (MAC) for t he  chemical spec ies  of concern. (10) (14) 

The values  i n  Table 7 a r e  estimates f o r  t r o u t  and are  

not expected t o  d i f f e r  s i g n i f i c a n t l y  for many f i s h  

species .  Threshold L i m i t  Values i n  a i r  f o r  man are 

shown f o r  comparison. C r i t i c a l  mater ia l s  a r e  hydrazine 

and Aerozine 50. 

Impact of the o r b i t e r  tank would r e l e a s e  l i q u i d  hydrogen 

and l i q u i d  oxygen which would burn o r  evaporate r a p i d l y  

i n t o  t h e  atmosphere. The two tox ic  materials (low 

maximum allowable concent ra t ion) ,  hydrazine and Aero- 

zine 50, a r e  contained i n  the o r b i t e r  only, and would 

be returned t o  t h e  launch s i t e .  However, i f  t he  o r b i t e r  

0 

were forced t o  a b o r t  t o  a water  landing, these materials 

would e n t e r  i n t o  the water.  The q u a n t i t i e s  l i s t e d  i n  

Table 1 would be the maximum quan t i ty  involved and 

would d i l u t e  to non-toxic l e v e l s  of concent ra t ion  wi th in  

t h e  a r e a  affected by theemergency landing. 
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The ammonium perchlora te  i n  s o l i d  propel lan ts  is  

mixed i n  a rubber  b inder  and would thus d i s so lve  

slowly. Toxic concent ra t ions  would be expected only 

i n  the immediate (w i th in  a few fee t )  v i c i n i t y  of the 

propel lant ,  i f  they occur a t  a l l .  A s  noted i n  

Table 7, the t o x i c i t y  i s  r e l a t i v e l y  low (high maxl- 

mum allowable concentrahion) . 
I n  summary, water po l lu t ion  r e s u l t i n g  from the  opera- 

t i on  of  space s h u t t l e  veh ic l e s  is  expected t o  be 

i n s i g n i f i c a n t  even for worst-case s i t u a t i o n s  involving 

h i g h l y  un l ike ly  combinations of events.  Even should 

such a s i t u a t i o n  occur, t h e  e f fec ts  are not p e r s i s t e n t ,  

i.e., the materials w i l l  d i spe r se  rap id ly .  
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4. Noise 

I 

I 

Source and Nature. The major source of no i se  asso-  

c i a t e d  w i t h  the space s h u t t l e  program w i l l  be the 

noise  generated by the rocket  engine exhaust flow 

during engine tests and launches. The na tu re  of t h i s  

noise may be g e n e r a l l y  described as  in tense ,  r e l a t i v e l y  

shor t  durat ion,  and s p e c t r a l l y  composed of predominantly 

low frequency energy. 

The sound pressure  l e v e l s  an t i c ipa t ed  during the launch 

of the space s h u t t l e  are presented in Table 8. These 

a r e  t h e  peak o v e r a l l  sound pressure levels (OASPL) i n  

dec ibe l s  (dB) referenced t o  (Re:) 0.00002 newtons p e r  

square meter (N/rn2) (0.00000042 psf3 i n  the ground plane 

a t  the indica ted  d i s t ances  f r o m  the launch si te,  and 

were computed us ing  t h e  cu r ren t ly  a v a i l a b l e  s h u t t l e  

t r a j e c t o q .  The peak OASPL's a r e  achieved only mornen- 

t a r i l y  with the acous t i c  energy g radua l ly  inc reas ing  

u n t i l  the peak l e v e l  i s  obtained and then  g radua l ly  

decreasing with f l i g h t  t i m e .  T o t a l  du ra t ion  of  the 

noise  l e v e l  around t h i s  peak is two minutes o r  less.  

The peak frequency of  the energy spectrum i s  a l s o  ind i -  

cated i n  Table 8. 
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Table 8 

FOR SPACE SHUTTLE LAUNCH 
PEAK OVERALL SOUND PRESSURE LEVEL ANTIC.IPATED 

Ground Plane Environment 

(Duration - 2 minutes o r  l e s s )  

Distance from Peak Overall Sound Octave Band Peak 
Frequency gB Hz Meters Re: 0.00002 N/m 

Launch S i t e  Pressure Level, 

3,000 (10,000 f t . )  ' 133 30 

6,100 (20,000 ft.) 12 4 20 

12,200 (40,000 ft.) 117 10 



Extensive r e sea rch  on the e f f e c t s  of noise  on man and 

s t r u c t u r e s  has been conducted. These research  s t u d i e s  

have provided some means t o  establish r e a l i s t i c  damage 

and annoyance c r i t e r i a .  The environmental e f f e c t  of 

I no i se  presented he re in  a r e  p rov ided  f o r  two reg ions  

surrounding t h e  space s h u t t l e  launch s i te ,  con t ro l l ed  

and uncontrol led a reas .  The cont ro l led  a reas  are those  

a r e a s  i n  which personnel and f a c i l i t i e s  are under d i r e c t  

government con t ro l ,  i.e., government-owned land and 
1 

bui ld ings .  Uncontrolled a reas  a r e  those reg ions  which 

a r e  no t  under d i r e c t  government c o n t r o l .  

Environmental E f fec t s  - Controlled Areas. Damage r i s k  

c r i t e r i a  f o r  p e r s m n e l  i n  cont ro l led  a reas  a r e  presented 

i n  Table 9. These c r i t e r i a  concern the phys io logica l  

damage, i . e . ,  hearing o r  body damage, which may r e s u l t  

i f  the sound pressure  l e v e l  magnitude and du ra t ion  i n  

t h e  ind ica ted  frequency range i s  exceeded. The c r i t e r i a  

a r e  considered va l id  f o r  personnel w i t h  no p ro tec t ion  

f o r  a s i n g l e  d a i l y  exposure. Space s h u t t l e  o p e r a t i o n a l  

personnel w i th in  this  a rea  w i l l  be protected s o  t h a t  

t h e s e  limits w i l l  no t  be exceeded. Throughout the 

Apollo Saturn V Program, which genera tes  f requencies  and 

i n t e n s i t i e s  of the same o rde r  as the space s h u t t l e ,  
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Table  9 

No Pro tec t ion  S ingle  Dai ly  Exposure) 

DAMAGE R I S K  CRITERIA (a) FOR CONTROLLED 
(Phys io logica l  Damage - 

Frequency 
Range (Hz) 

Duration 
(Minutes) 

SPL, dB 
Re: 0.00002 N/m2 

1-20 - - (b )  

20-100 20 135 
100-6,3OO * 8  125, dBA (c )  

(a)Level and dura t ion  not  t o  be exceeded o r  damage w i l l  
r e s u l t .  

(b)No c r i t e r i a  has been developed f o r  this area. 
reference (15.) , paragraph 7-3.1.2, page 7-41, f o r  physio- 
l o g i c a l  e f f e c t s  of high i n t e n s i t y ,  low frequency acous t i c  
energy. 

( c )  dBA; measured with a n  "A-weIght1' frequency network. 

Refer t'o 



opera t iona l  observers  have been s t a t i o n e d  3,500 meters 

(11,500 feet)  from the launch pad in a .small: enclosure,  

and emergency crews are located approximately 550 meters 

(1,800 feet)  from the launch s i te  i n  s tandard armored 

personnel  c a r r i e r s .  None o f  these 

su f fe red  in ju ry .  

S t r u c t u r a l  damage i s  poss ib l e  with 

personnel have 

low -f requenc y , high- 

i n t e n s i t y  noise .  Therefore,  s t r u c t u r e s  within the 

con t ro l l ed  a r e a  w i l l  be designed t o  withstand the noise  

environment t o  which they a r e  t o  be exposed. 

Environmental E f f e c t s  - Uncontrolled Areas. For these 

areas, a gene ra l  noise  exposure c r i t e r i o n  of a maximum 
o v e r a l l  sound pressure l e v e l  of 115 dB, Re 0.00002 N/m 2 ,. 
f o r  both man and s t r u c t u r e s  has been e s t ab l i shed  by the 

Launch and Landing S l t e  Review Board.  Normally, the 

acous t i c  energy which propagates i n t o  t h i s  region is  of 

low frequency content ,  i.e., 100 Hertz  and below. For 

acous t i c  energy i n  t h i s  frequency range, the 115 dB 

OASPL c r i t e r i o n  i s  considered acceptab le  and has been 

s u b s t a n t i a t e d  by. personnel and community no i se  exposure 

experienced during Saturn LB and Sa turn  V launches (35 

and a n a l y s i s  of s t r u c t u r a l  damage from low frequency 
noise .  (16) 
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There is a genera l  l a c k  of information on the e f f e c t s  

of noise ( inc luding  sonic  boom which is  discussed i n  

the next s e c t i o n )  on w i l d l i f e .  It i s  ev ident  t h a t  

under c e r t a i n  condi t ions  there may be some ecologica l  

effects ,  p a r t i c u l a r l y  when new noises  e n t e r  w i l d l i f e  

h a b i t a t s .  A t  the same t i m e ,  c e r t a i n  spec ies  seem t o  

show adap ta t ion  t o  n o i s e . .  The p r e s e n t  s t a t e  of knowledge 

i n  t h i s  a r ea  is  incomplete. For the space s h u t t l e  t e s t  

and launch and landing sites. where high i n t e n s i t y  noise  

is generated i n  the proximity of the vehic le  during 

t e s t s  and launches, some w i l d l i f e  may be a f f e c t e d .  

Based on experience w i t h  rocke t  engine t e s t s  and space 

launches t o  da te ,  p a r t i c u l a r l y  during the Apollo pro- 

gram, no s i g n i f i c a n t  e f f e c t  is  foreseen.  



5. Sonic Boom 

Source and Nature. A s  any body moves through the a i r ,  

t he  a i r  must p a r t  t o  make way f o r  t h a t  body and then 

c l o s e  i t se l f  once the body has passed. I n  subsonic 

f l i g h t ,  p ressure  s i g n a l s  (precursor  waves which t r a v e l  

a t  the s p e e d  of sound) move ahead of  the body t o  fo re -  

warn of i t s  approach and the  par t ing  of the a i r  and the 

I passage of the body is  a smooth process .  I n  supersonic 

f l i g h t ,  precursor  waves cannot precede the body; the 

p a r t i n g  process i s  abrupt .  A bow shock wave par ts  the 

a i r  which expands as it passes around t h e  body and then  

a t r a i l i n g  shock wave recompresses the a i r  as it c l o s e s  

behind the body. These waves t r a v e l  through the atmos-  
rLGl>rJure * v n - - n P .  0 - 2  phcrc as n - n n n r - v  w a v c a  aiiu,  ~ ~ C Z G S ~  of the ~ b i ~ p ' i ;  

noise  they generate  when passing an  observer,  a r e  c a l l e d  

son ic  boom. This genera l  pa t t e rn  of bow shock wave, 

expansion region, and recompression shock i s  idea l i zed  

a s  the N-wave s igna ture  commonly a s soc ia t ed  w i t h  the 

sonic  boom. The phenomenon occurs for a l l  supersonic 

f l i g h t .  (See Figure 8 for nomenclature.) 

I 
I 

The abruptness  of the pressure changes is  respons ib le  

for much of t h e  concern about the sonic boom. It g ives  

it the s t a r t l i n g  a u d i b i l i t y  and dynamic c h a r a c t e r i s t i c s  

of an  explosion, and even a t  great dFstances from the 



Figure 8 
CLASSIC N- WAVE ILLUSTRATION 

The sonic  boom dis turbance,  generated by the  t r a v e r s e  of 
t he  shock wave crea ted  by supersonic f l i g h t  a c r o s s  t h e  
sur face  of t h e  ground, may be represented  by the c l a s s i c a l  
N wave a s  i l l u s t r a t e d  below. 

Four parameters descr ibe  the N wave - rise t i m e ,  r; over- 
pressureAP; period, T; and t h e  Impulse  under the  wave. 
These parameters, i n  t u r n ,  in f luence  the  r e a c t i o n  of 
people  and s t r u c t u r e s  t o  the  d is turbance .  The cha rac t e r -  
i s t i c s  of  t h e  N wave a r e  a func t ion  of the  a i r c r a f t  
(weight, shape, l i f t  and volume), i t s  ope ra t iona l  charac- 
t e r i s t i c s  (ve loc i ty ,  a l t i t u d e ,  f l i g h t  path angle ,  e t c  .) 
and the atmosphere through which i t  propagates ( turbu-  
lence ,  temperature, winds, e t c  .) . The near  f i e l d  
dis turbance f o r  a i r c r a f t  has a more complex shape caused 
by secondary shocks. As these d is turbances  propagate 
away from t h e  source, however, the d is turbance  tends  
toward t h e  c l a s s i c a l  N wave d i s t r i b u t i o n .  
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I veh ic l e  where pressure l e v e l s  produced a r e  phys i ca l ly  

harmless, some public complaints a r e  received.  Sonic 

I boom is l i k e l y  t o  be of concern i n  s h u t t l e  operat ions 

because segments of the t r a j e c t o r i e s  followed during 

a scen t  and descent involve supersonic f l i g h t  wi th in  

the atmosphere. 

The c h a r a c t e r i s t i c s  of the shock p a t t e r n  a t  i t s  source 

are  influenced by f l i g h t  pa th  c h a r a c t e r i s t i c s ,  i .e.,  
~ 

I a l t i t u d e ,  speed,  angle  o f  a t tack ,  f l i g h t  pa th  curvature ,  

and a c c e l e r a t i o n s  e i ther  along o r  t r ansve r se  t o  the 

f l i g h t  pa th  -- and body c h a r a c t e r i s t i c s  such a s  blunt-  

ness ,  weight, exhaust plume c h a r a c t e r i s t i c s ,  and volume. 

The pressure  s igna ture  t h a t  reaches the ground i s  sub jec t  

t o  the a d d i t i o n a l  f a c t o r s  of a i r  turbulence,  winds, and 

temperature v a r i a t i o n s  of the atmosphere t raversed  by 

the p r e s s u r e  wave i n  a d d i t i o n  t o  c e r t a i n  of the f l i g h t  

pa th  c h a r a c t e r i s t i c s .  

Maneuvers assoc ia ted  w i t h  a i r c r a f t  f l i g h t  can r e s u l t  i n  

focus ing  of t h e  shock waves over small a r e a s  of the 

s u r f a c e  where overpressures  may be greater than  they  

would be f o r  l e v e l  f l i g h t .  

by theory; however, f l i g h t  test  d a t a  f o r  a i r c r a f t  ind i -  

c a t e  tha t  the pressures  can be as  much as two t o  f i v e  

Focusing cannot be predicted 



times higher i n  t h e  focus zone than  outs ide .  S imi l a r  
~ 

phenomena occur  b r i e f l y  during the boost phase of 

space launches. 

Extensive knowledge of these f a c t o r s  developed by p a s t  

s t u d i e s  o f  conventional supersonic a i r c r a f t  provided 

much of the bas ic  information required f o r  p red ic t ion  

of the sonic boom pressure p a t t e r n s  ( i . e . ,  f o o t p r i n t s )  

of t h e  s h u t t l e .  It was necessary, however, t o  extend 

t h i s  basic  knowledge by add i t iona l  s t u d i e s  and exper i -  

ments s o  t h a t  it would apply t o  t he  s h u t t l e  shape and 

t h e  extremely high speeds and a l t i t u d e s  a t  which it 

opera tes .  

To accomplish the a d d i t i o n a l  s t u d i e s  requi red ,  a Sonic 

Boom Panel was formed wi th in  the  S h u t t l e  Aerothermo- 

dynamics Technology Working Group. The panel made 

extensive use of NASA's experience (over 20 yea r s )  i n  

t h i s  f i e l d  and success fu l ly  extended a i r c r a f t  experience 

t o  t he  regime of s h u t t l e  operat ion.  T h i s  success  was 

shown by t h e  p red ic t ion  (and subsequent v e r i f i c a t i o n  
I 

by measurement) of booms from an Apollo s p a c e c r a f t .  (18) 
. 

Environmental Ef fec ts .  The ex tens ive  p a s t  work on the 

e f f e c t s  of sonic booms of varied c h a r a c t e r i s t i c s  and 
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i n t e n s i t i e s  provides the guide t o  requirements f o r  

s h u t t l e  operat ions.  A p a r t i c u l a r l y  u s e f u l  r e fe rence  i s  

the a u t h o r i t a t i v e  summation o f  t h i s  work by the I n t e r -  

I n  n a t i o n a l  C i v i l  Aviat ion Organization ( I C A O )  . (19 )  

I i t s  review of the e f f e c t s  of sonic booms, the I C A O  , found : 
, 

1. The p r o b a b i l i t y  o f  immediate d i r e c t  i n j u r y  t o  

persons exposed t o  sonic  .boom i s  e s s e n t i a l l y  zero.  
I 2. The pe.rcentage of persons queried who rated 

I sonic  booms occurr ing 10 t o  15 times d a i l y  a s  annoying 

increased w i t h  i nc reas ing  overpressures . For over- 

pressures  less than  about 24 newtons per  square meter 

(N/m ) (one-half  pound per  square f o o t ) ,  no one rated 

the boom as annoying; about t e n  percent considered 

48 Nim- (one p s f j  sonic  booms annoying and nea r ly  a l l  

2 

3 

considered 144 N/mz ( t h r e e  p s f )  booms annoying (Figure 9) .  
I 3. Primary (loadbearing) s t r u c t u r e s  meeting 

acceptab le  cons t ruc t ion  standards o r  i n  good repa i r  

showed no damage up t o  overpressures of about 950 N/m 2 

(20 p s f ) .  

and bric-a-brac sus ta ined  some damage a t  overpressures  

Nonprimary s t r u c t u r e s  such a s  plaster,  windows 

of f r o m  48 t o  144 N/m2 (one to t h r e e  psf )  

4. Ground motions from sonic booms were found t o  

be of t h e  magnitude caused by f o o t s t e p s .  



Figure 9 
SHUTTLE S O N I C  BOOM - ANNOYANCE 
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*One pound per square soot ( p s f )  = 47.9 Newtons 
per square meter (ND ) 



These r e s u l t s  provide gene ra l  c r i t e r i a  a g a i n s t  which t o  

c o n s i d e r - s o n i c  booms generated by the  space s h u t t l e .  

The annoyance c r i t e r i a  a r e  conservat ive i n  view of the 

expected low frequency of s h u t t l e  f l i g h t s  ( a t  most about 

one p e r  week). 

three d i r f e r e n t  phases of i t s  mission: ascent ,  boos t e r  

The s h u t t l e  generates  sonic  booms a t  

reentzy,  and o r b i t e r  reentxry . These are discussed 

s e p a r a t e l y  i n  the following. 

Ascent. The a scen t  phase w i l l  c r e a t e  the largest 

soriic booms of the mission as  a r e s u l t  of two d i s t i n c t  

e f f e c t s .  F i r s t ,  the overpressures  that  w i l l  be 

experienced over the ocean during supersonic a scen t  w i l l  

be greater than those which might be expected from the 

plume inc reases  the e f f e c t i v e  s i z e  of the vehic le  and 

pre l iminary  tes ts  have indicated t h a t  the oVerpressures 

may be double those of the vehic le  alone. Overpressures 

as high as about 290 N/m2 ( 6  psf) may be expected a t  

down-range loca t ions ,  where the shock waves f i r s t  reach 

the ocean 's  surface OA the ground t r a c k  (approximately 

60 km (33 n a u t i c a l  m i l e s )  down range) .  Nominal over- 

p re s su res  would then  diminish both down range ( t o  less 

than  48 N/m (1 p s f )  a t  85 Icm. (45 n a u t i c a l  milea) down 

range) and t o  ei ther s i d e  o f  the ground t r a c k  t o  l a t e ra l  

2 



cu.toff ( t o  about 96 N/m2 (2 psf)). 

occurs when the l o c a l  g rad ien t  i n  the speed o f  sound 

L a t e r a l  cu to f f  

causes the  r ay  path t o  t u r n  t o  a h o r i z o n t a l  o r i e n t a -  

t i o n  ( p a r a l l e l  t o  the ground). 

w i l l  occur between t h e  launch s i t e  and t h e  shock wave 

No sonic  boom dis turbance  

touchdown poin t .  The approximate sonic  boom f o o t p r i n t  

i s  shown i n  Figure 10. 

The second e f f e c t  i s  t h e  focusing mentioned e a r l i e r  caused 

by the l o n g i t u d i n a l  a c c e l e r a t i o n  and p i tchover  maneuvers 

necessary for t he  vehic le  t o  achieve o r b i t  (Figure 11). 

T h i s  results from t h e  accumulation and reinforcement of 

pressure waves i n  the focusing region.  T h i s  reg ion  i s  

a narrow a r e a  loca ted  along the touchdown l i n e  ou t  t o  

l a t e r a l  cu to f f  about 75 km (40 n a u t i c a l  miles)  t o  e i t h e r  

s i d e  of the  ground t r a c k  (Figure 10 ) .  

With maximum overpressure l e v e l s  a s  high as about 290 

N/m2 ( 6  ps f )  without  focusing, and wi th  focus ing  f a c t o r s  

from two t o  f i v e ,  the p o s s i b i l i t y  of overpressures  on 

the order  of 1,440 N/m2 (30 psf) cannot be ru l ed  ou t  a t  

the  cen te r  of t h e  f o c a l  zone and 480 N/m2 (10 p s f )  a t  

l a t e r a l  c u t o f f .  The overpressures  i n  the f o c a l  zone 

w i l l  be l i m i t e d  t o  a very narrow reg ion  approximately 
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SONIC BOOM ASSOCIATED WITH ASCENT . 



300 meters (985 f e e t )  wide  a t  the ground t r a c k  arid even 

narrower out  nea r  l a t e r a l  cu tof f .  

A s  f a r  a s  i s  now known, t h i s  focused a scen t  boom appears 

unavoidable; t h i s  cons idera t ion  cont r ibu ted  t o  the  

dec is ion  t o  employ a c o a s t a l  launch s i t e  permi t t ing  

the ascent  sonic boom t o  occur over the ocean. The 

l o c a t l c n  of the focused boom w i l l  be p r e d i c t a b l e  based 

on a glven t r a j e c t o r y  and e x i s t i n g  wind condi t ions .  

Range Safety(20) des igna tes  a ' l a u n c h  Danger Zone f o r  

each launch. T h i s  i s  a sea area and a i r  space measured 

from the launch po in t  and extending down range along 

the  intended f l i g h t  azimuth. The s i z e  is based on the 

p o t e n t i a l  hazard t o  s h i p s  and a i r c r a f t .  Hel icopter  

and r a d a r  su rve i l l ance  of t h i s  zone commences arl hour 

before launch. Should the overpressure l e v e l s  be con- 

s i d e r e d  harmful, t h e  l o c a t i o n  of  the focused boom w i l l  

be included i n  the Launch Danger Zone. Ships i n  the  

area l i k e l y  t o  be a f f ec t ed  w i l l  be warned of impending 

launches a s  i s  the p r a c t i c e  f o r  cu r ren t  launches.  

Focused sonic booms occur during the supersonic boost 

phase of a l l  launches, inc luding  Apollo launches, bu t  

have apparent ly  gone unnoticed because they O C C U ~  a t  

sea. 



BGoster Reentry. After separa the o r b i t e r  

stage cont inues t o  climb and the boos te r  reenters the 

atmosphere. Durhg descent, t h e  spen t  boos te r  w i l l  

genera te  a sonic  boom s t r i k i n g  the su r face  over a n  area 

from 280 t o  370 kilometers (150 t o  200 n a u t i c a l  miles) 

down range f r o m  the launch s i t e .  I n  t h i s  area, m a x i m u m  

overpressures  rise t o  levels  between about 96 and 144 

N/m2 (2  and 3 psf) similar t o  that  experienced with 

current launch vehicles .  T h i s  area of m a x i m u r n  over- 

pressure co inc ides  with the boos ter  impact area whlch 

must  be kept under surve i l lance  t o  e f f e c t  booster  recovery 

as i s  done f o r  the Apollo capsule recovery. 

Orb i t e r  Reentry. Based on ex tens ive  a n a l y t i c a l  

work throughout the NASA and on an exhaustive experimental  

program conducted by the A m e s  Research Center, the sonic  

boom c h a r a c t e r i s t i c s  for the r e tu rn ing  o r b i t e r  veh ic l e  

have been determined . Nominal overpressures  during 

o r b i t e r  r e t u r n  w i l l  not  exceed 24 N/m2 (one-half ps f )  

u n t i l  the vehic le  is within 650 km (350 n a u t i c a l  miles) 

of the landing  site. 

are exceeded a t  about 185 km (100 n a u t i c a l  miles) f rom,  

the landing s i te  and the  nominal maximum overpressures  

f o r  any o r b i t e r  e n t r y  w i l l  not  exceed 96 N/m 

Overpressures of 48 N/m2 (one psf) 

2 
(2.0 p s f )  . 
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Because of the infrequency of exposure of the gene ra l  

public t o  sonic boom i n  the p a s t  and t o  assess the 

impact of fu tu re  s h u t t l e  operat ions,  i t  may be he lp fu l  

t o  r e l a t e  the p o t e n t i a l l y  annoying overpressures  of 

48 t o  96 N/m 

Such comparisons are v a l i d  f o r  d iscuss ing  annoyance, 

which depends c h i e f l y  upon peak overpressure and r i se  

time. 

phenomena i s  less than that  of sonic booms, and the 

comparisons are the re fo re  not necessa r i ly  v a l i d  f o r  

discussion of physical  e f f e c t s  on s t r u c t u r e s . )  Measure- 

ments taken ins ide  automobiles when s h u t t i n g  a door have 

recorded overpressures of 170 t o  190 N/m 

for four-door sedans and s t a t i o n  wagons and 360 t o  410 

N/m2 (7.5 t o  8.5 p s f )  f o r  small compact cars. 

pressures of  72 t o  96 N/m 

experienced i n  t h e  v i c i n i t y  of sharp  handclaps, w i th  most 

people being able t o  generate  48 N/m2 (1 ps f )  without 

great e f f o r t .  

snapping of a tube le s s  automobile t i r e  on the r i m  during 

i n i t i a l  i n f l a t i o n  can genera te  overpressures  of t h e  same 

o rde r  as those f o r  handclaps and a u t o  door c los ings .  

2 (1 t o  2 psf)  t o  more familiar occurrences.  

(However, the  t o t a l  impulse of each of these o t h e r  

2 (3.5 t o  4.0 p s f )  

Over- 
2 (1.5 t o  2.0 psf )  have been 

The bu r s t ing  of a toy bal loon and t h e  

As noted by the  ICAO (I9), experiments and s t u d i e s  have 

not  been able  t o  re la te  overpressures  of  up t o  about 



I 2 I 96 N/m (2  psi') t o  damage i n  a d e f i n i t i v e  manner. The 
I 

s m i c  boom c h a r a c t e r i s t i c s  associated w i t h  o r b i t e r  e n t r y  

are, the re fo re ,  c h i e f l y  i n  the  range of nuisance o r  

annoyance. The real  annoyance assoc ia ted  w i t h  these low 

l e v e l s  of overpressure i s  questionable because the 

I C A 0 ( 1 9 )  conclusions were based on a n  estimated frequency 

of 10 t o  15 booms pe r  day. 

about  once each week, and sonic  booms would be 

experienced even a t  t h i s  frequency only i n  the immediate 

The s h u t t l e  would f l y  only 

I 

I 

I 

area of the landing site ( w i t h i n  about 75 km (40 n a u t i c a l  

experience booms exceeding 48 N/m 2 (1 p s f )  more than  a 
miles ) ) .  Areas farther away would not  be expected t o  

few times per  yea r  due t o  the  varying approach angles t o  

the landing s i te  r e s u l t i n g  from d i f f e r e n t  o r b i t a l  i n c l i -  

na t ions  and r e t u r n  opportuni t ies .  Thunderstorms occur 

i n  the KSC area a t  hlgher frequericy than would s h u t t l e  

o r b i t a l  r e e n t r i e s  With each thunderstorm containing 

near ly  200 claps of thunder on the average, r e s i d e n t s  in 

the v i c i n i t y  of the KSC landing s i t e  hear thunderclaps 

more than  two hundred times a s  o f t e n  as they wi l l ' hea r  

sonic  booms. 

Sonic Boom over  Ocean Areas. The r ecen t  I C A O  r e p o r t  (19) 

states:  

"Experience from eoncorde test f l i g h t s  over  
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water and many yea r s  of m i l i t a r y  f l y i n g  over  

the  sea, i n  p a r t i c u l a r  near  land where many 

ships and small boats  are found, has not  

yielded any evidence of human dis turbance by 

sonic booms a t  sea. ft 

Sonic boomeffec ts  on marine l i f e  may be estimated from 

t h e  pressure-wave i n t e n s i t y  t ransmi t ted  through the a i r -  

water in te r face .  Because the speed of sound i n  water i s  

approximately 4.5 times tha t  i n  a i r ,  f o r  f l i g h t s  a t  Mach 

numbers below about  Mach 4.5, the t ransmi t ted  pressure  

dls turbance is subsonic i n  water and decays very r a p i d l y  

For Mach numbers greater than  (21 ) with increasing depth. 

4.5 the  shock wave is  t ransmi t ted  from the a i r  i n t o  the 

ocean a s  a supersonic dis turbance.  I n  this case,  the 

pressure f i e l d  w i l l  propagate over  longer  d i s t ances  and 

decay less r ap id ly  than i n  the lower Mach number case.  

Nevertheless, t h e  pressures  would s t i l l  be very small 

compared t o  hydrodynamic pressure.  The subsurface pressure  

assoc ia ted  wi th  sonic boom of 1,440 N/m (30 p s f )  over- 2 

pressure  is equiva len t  t o  t h e  pressure  from a 15 cm 

( 6  inch) wave. Then, too  , the  "rough" su r face  of the 

ocean may well preclude th i s  t ransmission e f f e c t ,  which 

has never been measured i n  the ocean. Marine l i f e  I S  

expected tc be unaffected.  
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6 .  

so1 - r ce  and Nature. Both the  spent booster  and the o r b i t e r  

propel lan t  tank w i l l  r e e n t e r  the atmosphere durug the 

course of each s h u t t l e  mission. 

motor booster  cases  w i l l  l and  i n  the water between 185 

and 370 -ki lometers  (300 and 200 n a u t i c a l  miles7' down range 

from t h e  launch sites and be recovered and reused. For  

normal recovery, landing would be a t  low v e l o c i t i e s  through 

the use of parachutes.  The open ocean recovery a reas  

cannot be t o t a l l y  cont ro l led  (as i f  government property) ,  

The spent  s o l i d  rocket  

and thus warnings of impending launches w i l l  be issued.  (20) 

The same i s  t r u e  of areas between the launch s i t e  and 

recovery zone and wi th in  the recovery zone where impact 

could occur in  an abnormal launch s i t u a t i o n .  

couid conceivably be a t  higher ve loc i ty  (e.g., w i t h  para- 

Such Impacts 

chute  f a i l u r e )  and include loca l  explosion and f i r e  

involving previously unburned propel lants .  

The o r b i t e r  propel lan t  tank is c a r r i e d  i n t o  o r b i t  by the  

o r b i t e r  and is separated while they are i n  o r b i t .  A t  an 

appropr ia te  o r b i t a l  positlon, t h e  tank r e t ro rocke t  w i l l  

be f i red  i n i t i a t i n g  r e e n t q .  

oxygen tank is character ized by moderate heatlng r a t e s  

Reentry of the empty hydrogen/ 
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and dece lera t ions  a t  high a l t i t u d e s .  The heating and 

dece le ra t ion  fo rces  t y p i c a l l y  w i l l  cause the t ank  t o  

break up In to  pieces  of varying s i z e ,  but  w i l l  n o t  
11 o r d i n a r i l y  cause complete burn-up." Therefore, a pre- 

s e l ec t ed  remote ocean area w i l l  be s p e c i f i e d  f o r  con- 

t r o l l e d  reent ry  of the  tank. 

Environmental Effects .  The major p o t e n t i a l  environ- 

mental e f f e c t  of the hydrogen/oxygen tank r een t ry  is  

from possible physical  Impact of r e e n t r y  debr i s  fragments. 

The risks a r e  thought t o  be small; nevertheless ,  because 

of' t h e  size of the expendable hydrogen/oxygen tank (each 

empty tank w i l l  weigh about 31,800 kilograms (70,000 

pounds), r een t ry  w i l l  be con t ro l l ed  t o  a planned impact 

i n  an  announced prese lec ted  remote ocean area a t  a 

spec i f i ed  time. The planning and c o n t r o l s  which w i l l  be 

exercised under normal opera t ions  are expected t o  elimi- 

n a t e  the p robab i l i t y  of personal  in3ury o r  property damage. 

Should it be necessary t o  a b o r t  the mission p r i o r  t o  the 

at ta inment  of  o r b i t ,  the hydrogen/oxygen tank w i l l  be 

j e t t i soned  t o  impact i n  a safe area. For  an  a b o r t  e a r l y  

i n  the  f l igh t ,  the  o r b i t e r  w i l l  maneuver t o  r e t u r n  t o  



the launch s i te  a f t e r  placing the tank on a t r a j e c t o r y  

t o  impact i n  a safe ocean o r  land area. Sh 

maneuver not  be poss ib le ,  t h e  tank w i l l  be j e t t i s o n e d  

on its launch t r a j e c t o r y  and w i l l  impact down range. As 

i n  conventional U.S. space launches, down range impact 

l oca t ions  w i l l  be predicted as a f u n c t i o n  of t i m e  from 

launch for the ascent phase and the t r a j e c t o r i e s  chosen 

t o  avoid hazards in the event  of system f a i l u r e .  For 

an  abor t  i n  the la te r  stages of the ascent ,  it w i l l  be 

poss ib l e  t o  d iscard  the hydrogen/oxygen t ank  i n  the same 

predetermined ocean l o c a t i o n  as for norm1 misslons. 

I 

Should the p rope l l an t  t ank  r e t ro rocke t  f a i l ,  the t ank  

w i l l  s t i l l  undergo uncontrolled r e e n t r y  and d i s i n t e g r a -  

t i on .  The e x t e n t  of t h i s  hazard has been considered and 

i s  small based or, world-wide experience t o  date. However, 

the r e e n t r y  c o n t r o l  system will be designed s o  t h a t  the 

p robab i l i t y  of r e e n t r y  of the o r b i t e r  hydrogen/oxygen 

tank  i n  t h i s  mode w i l l  be very small. 

7. Land Use 

Large areas of l a E d  surrounding the launch and l anding  

site are required fo r  supporting a c t i v i t i e s  and t o  se rve  

as a b u f f e r  between these a c t l v i t f e s  and the surrounding 

corn-unity. A t  the Kennedy Space Center, and a t  Vandellberg 
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Air Force Base, maintenance of environmental s t a b i l i t y  

has been stressed. For Instance,  a t  Kennedy c i t r u s  

groves purchased by t h e  Federal  Government a s  par t  of 

the c e n t e r  are leased t o  growers by the Government a n d -  

continue t o  produce well. Much of the Center has been 

designated a w i l d l i f e  refuge and is  maintained by the 

Department of t he  I n t e r i o r .  

place regarding the establ ishment  of a National Seashore 

on much of the northern po r t ion  of the Center. 

experience was included i n  the eva lua t ion  of candidate  

space s h u t t l e  launch and landing si tes,  and a c t i v a t i o n  

of the se lec ted  s i t e s  w i l l  continue t o  stress land-use 

p a t t e r n s  which maintain environmental values. 

Discussions have taken 

This  

8. Socia l ,  Cu l tu ra l ,  and Demographic Ef fec t s  

An a c t i v i t y  of the s i z e  of the  space s h u t t l e  program could 

’ c r e a t e  change In communities a f f e c t e d  by the var ious  pro- 

gram elements. Communities surrounding the launch s i te  

would be a f fec ted  more than  o thers .  As a r e s u l t  of the 

dec i s ion  t o  use e x i s t i n g  I n s t a l l a t i o n s ,  no negat ive 

e f fec ts  a re  expected. S p e c i f i c s  w i l l  be provided as 

necessary i n  appropr ia te  i n s t i t u t i o n a l  environmental 

impact statements.  



9. Solid Wastes 

The s o l i d  wastes generated by the program are assoc la ted  

with the cons t ruc t ion  of vehicles ,  equipment, and facili- 

t ies.  Most of the wastes are of r e l a t i v e l y  high value 

and are the re fo re  recovered f o r  recycl lng.  Those which 

are not t o  be reused w i l l  be disposed of, a long with 

sewage and o t h e r  such wastes, i n  an environmentally 

acceptable  manner appropr ia te  to  the site of the activity. 



D. ALTERNATIVES 

P w i n g  the evolu t ion  of the space s h u t t l e  concept, a l ter-  

n a t i v e  approaches have been under continuous cons idera t ion  

I n  terms of  environmental, t echn ica l ,  and economic f a c t o r s .  

The major a l t e r n a t i v e s  t o  the development of the new space 

t r a n s p o r t a t i o n  system descr ibed here f a l l  i n t o  three 

d i s t i n c t  ca tegor ies .  These are: (1) r e l y i n g  upon c u r r e n t  

launch vehicle types and the i r  d e r i v a t i v e s  f o r  the missions 

of the  19801s; (2) developing a two-stage hydrogen/oxygen- 

fue led  s h u t t l e ,  w i t h  both stages p i l o t e d  i n  an  a i r c r a f t -  

l i k e  manner; and (3)  using l i q u i d  propel lan ts  i n  an  

unmanned boos ter  s tage .  

of s ign i f icance  t o  the  cons idera t ion  of these a l t e r n a t i v e s  

a re  discussed i n  the fol lowing paragraphs. 

1. Current Launch Vehicles 

The space s h u t t l e  can, when opera t iona l ,  economically 

replace the  c u r r e n t l y  used Delta, Atlas, T i t a n  111, and 

Sa tu rn  IB launch vehic les .  

of such expendable launch veh ic l e s  with u s e  of the reusable  

space s h u t t l e ,  it is  necessary t o  establish a mission 

model f o r  each a l t e r n a t i v e  which r e s u l t s  i n  equal  u t i l i t y  

of orbital systems. 

d i f f e r e n t  l e v e l s  of a c t i v i t y  (22)(23) and u t i l i z e d  I n  

extensive economic ana lys i s .  (24) 

Environmental and o t h e r  f a c t o r s  

To compare the continued use 

This  has been done f o r  a number of 

Typical ly ,  the ra t io  of 



cur ren t  expendable laun  

same o r b i t a l  u t l l i t y  is j u s t  over. one, wi th  most expend- 

able vehic les  being T i t an  111's (more than half of these  

requi r ing  s o l i d  p m p e i l a n t  s t ages ) .  

The s h u t t l e  has a greater payload c a p a b i l i t y  than the 

T i t an  111, However, f o r  s impl i c i ty  i n  comparing environ- 

mental e f f e c t s ,  a given number of s h u t t l e  mlsslons can be 

compared t o  the same number of expendable T i t an  III missions 

of which about 60 percent  have a s o l i d  propel lan t  stage. 

With t h i s  mission model, the envbonmental  comparison is 

as fol lows:  

(1) Atmospheric emissions of hydrogen ch lo r ide  and 

aluminum oxide would be about f ive times less if  cu r ren t  

expendable vehic les  were used. 

(2) scr,ic b m m  cverp??essures &m*g ascerlt for the 

smaller expendable launch vehicles  would be lower than f o r  

the  s h u t t l e  because of the re l a t ionsh ip  between sonlc boom 

and vehic le  size. Booster reent ry  sonic  boom would be com- 

parable f o r  both systems. Reentrg sonic  booms would be 

associated only with a few recoverable payloads i f  expcnd- 

ables were used. 

( 3 )  There would be an lncrease i n  p o t e n t i a l  o r b i t a l  

debris hazards r e s u l t i n g  f r o m t h e  n a t u r a l  decay and r e e n t r y  

of the expended spacecraf t  and upper stages that would be 



l e f t  i n  o r b i t  i f  cu r ren t  expendable vehic les  were used. 

Reentry cont ro l  of a l l  of t h i s  material i s  not  considered 

technica l ly  feasible,  even a t  g r e a t l y  increased c o s t s .  

The c r b i t e r  propel lan t  t ank  of t h e  s h u t t l e ,  the only 

expendable element of the system, w i l l  be cont ro l led  t o  

reenter  and be disposed of i n  a preplanned remote ocean 

a rea  a t  a predetermined time. Further ,  the s h u t t l e  is 

designed t o  recover o b j e c t s  from space and can reduce 

hazards by removing space d e b r i s  before  it reenters .  

The absolu te  environmental c o s t s  of  the s h u t t l e  are 

t i -ansient  and small, as shown i n  the  preceding sec t ions .  

01' f a r  g r e a t e r  consequence are  the lower c o s t s  of resources ,  

b o t h  naturial and f i s c a l ,  assoc ia ted  with t h e  space s h u t t l e  

program, Because a l l  elements of t h e  s h u t t l e  (except the 

o r b i t e r  propel lant  tank) and many payloads are  planned t o  

be reusablt., one-half t o  one-third as much s t r u c t u r a l  

material  w i l l  be expended by t h e  s h u t t l e  f o r  each launch 

as compared t o  a T i t a n  111 launch. Fa r  smaller r e l a t i v e  

amourits of valuable a u x i l i a r y  materials such as copper, 

g o l d ,  and s i l v e r  w i l l  be expended by t h e  s h u t t l e  and its 

recoverable payload than T i t a n  I11 and its generaly expend- 

ab le  payload. 
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LcweIa f i s c a l  c o s t s  have been l y  demonstrated i n  

i t.c:c?nmic s tud ie s .  Appendix A 
l 

o f  the many mission models used t o  t e s t  the economics of 

t the s h u t t l e  program. This example assumes a mission model 

cf some 5&0 missions over  the 12-year period of 1979-1990, 

roughly t h e  same rate as f o r  a l l  U.S. missions over  the 

p z s t  few years. For t h i s  case, development and u t i l i z a -  

tion of the space s h u t t l e  results i n  savings of over  $5 

billion a f t e r  amort izat ion of t o t a l  development of the 

s h u t t l z  arid investment in vehicles and f a c i l i t i e s .  

The larger  p o t e n t i a l  savings in resources ,  both n a t u r a l  

and m n e t a r y ,  together w i t h  t h e  absence of permanent 

envircnmental impacts, c l e a r l y  demonstrate the o v e r a l l  cos t -  

e f f e c t i v e n e s s  of  the shuttle compared t o  continued use of 

the  c u r r e n t  expendable vehicles .  

2 .  Hydrogen/Oxygen Reusable Flyback System 

Tne design concept t o  which t h e  s tud ie s ,*  i n i t i a t e d  i n  1970, 

were o r i g i n a l l y  addressed was a very large, f u l l y  r eusab le  

system c o n s i s t i n g  of p i lo t ed  booster and p i lo t ed  o r b i t e r  

s t ages ,  w i th  a l l  propel lants  ca r r i ed  internally.  The 

concept would have required major t echnologica l  advances 

with concommitant t echnics1  risks; the development c o s t  

(excluding faci l f t ies)  of such a system would have been 

%me S t U d l e S  referred to in t h i s  section are l i s t e d  in 
Appendix C. 
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over  $10 b i l l i o n .  

Environmental e f f e c t s  of t h i s  concept would have been 

q u i t e  small, as  noted I n  the f i rs t  d ra f t  environmental 

impact statement released i n  March 1971. 

oxygen propel lant  mixture burns q u i t e  c leanly  t o  produce 

only water vapor. 

boom pa t t e rn  very similar t o  that  expected from the 

cu r ren t ly  proposed system during a scen t  with equal  o r  

g r e a t e r  overpressures expected. Booster r e t u r n  over- 

pressures  might be ameliorated because of boos te r  

maneuverability; o r b i t e r  overpressures  would be higher 

because o f  the much larger o r b i t e r  s i z e .  

tanks would be u t i l i z e d ,  and t h u s  the con t ro l l ed  en t ry  

of such tanks would not  have t o  be considered. 

The hydrogen/ 

Such a system would Impose a sonic  

No e x t e r n a l  

The h igh  t o t a l  development c o s t  and t echn ica l  risks 

i m p l i e d  annual development c o s t s  as high as $2 b i l l i o n  

during the l a te r  1970's. 

t o  determine if other ,  less c o s t l y  bu t  s t i l l  cos t -  

e f f e c t i v e  and environmentally benign s h u t t l e  configura- 

t i o n s  could  be developed. 

S tudies  were thus  i n i t i a t e d  

3. 

Studies+ subsequent t o  those  of the  I n i t i a l  two-stage 

Evolution t o  the  Current  S h u t t l e  



1 
f lyback  concept showed t h a t  t h e  s i z e  of the system and 

i ts  development c o s t  could be greatly reduced through 

the use of an  e x t e r n a l  expendable liquid-hydrogen tank  

f o r  the o r b i t e r ,  with a small i nc rease  i n  o p e r a t h g  

c o s t s  per  launch. Further s t u d y  showed tha t  a d d i t i o n a l  

I 

t c o s t  savings and t e c h n i c a l  advantages i n  the development 

program would accrue if both the liquid-oxygen and l i q u i d -  

hydrogen f o r  the o r b i t e r  were c a r r i e d  i n  an  e x t e r n a l  tank  

j e t t i s o n e d  from o r b l t .  T h i s  change permitted the o r b i t e r  

veh ic l e  t o  be s i g n i f i c a n t l y  smaller, thereby s impl i fy ing  

development and reducing s u b s t a n t i a l l y  the development and 

procurement costs a t  the expense of some a d d i t i o n a l  in- 

crease i n  the r ecu r r ing  c o s t  p e r  f l i g h t .  
I 

With these modif icat ions,  s h u t t l e  development c o s t s  were 

estlmated t o  be between seven and eight b i l l i o n  d o l l a r s .  

Environmental impact was e s s e n t i a l l y  the  same as tha t  of 

the  more expensive, i n i t i a l  two-stage f lyback  concept 

except f o r  the new element of having t o  dispose of a 

hydrogedoxygen p rope l l an t  tank from o r b i t  . It was 

determined that the t ank  could be equipped f o r  con t ro l l ed  

reentry t o  a remote ocean area  a t  a predetermined time, 

and that no s i g n i f l c a n t  envlronmental hazard would exist .  

Addit ional  s t u d i e s  ind ica ted  that f u r t h e r  reduct ions  in 



orbi te r  development c o s t s  could only be achieved a t  t he  

expense of compromising t h e  ob jec t ives  of providing a new 

f l e x i b l e  o r b i t a l  c a p a b i l i t y  a t  low ope ra t iona l  c o s t s .  

Thus, a t t e n t i o n  was turned t o  reducing development c o s t s  

of the booster.  Consideration of the reduced-size o r b i t e r  

w i t h  ex te rna l  propel lan t  tanks opened t h e  p o s s i b i l i t y  

t h a t  an  unmanned b a l l i s t i c  boos te r  could be e f f e c t i v e l y  

employed, a p o s s i b i l i t y  e a r l i e r  precluded by the  l a r g e r  

o r b i t e r  concept w i t h  i n t e r n a l  tanks.  

The b a l l i s t i c  unmanned boosters  s t u d i e d  included bo th  

pressure-fed and pump-fed l i q u i d  propel lan t  boosters  and 

s o l i d  propel lant  boosters .  The two l i q u i d s  compared as 

follows: 

(1) I n  the p r e s s u r e - f e d  system, t h e  engine would 

have been a major new development. I n  the pump-fed 

system, it would have been a m o d i f i e d  F-1 engine ( t h e  

engines used I n  t h e  Sa turn  V boos te r ) .  

(2) New manufacturing technlques would be required 

f o r  t h e  pressure-fed booster;  conventional techniques 

developed f o r  Saturn would be used for the pump-fed 

booster .  

(3) Major modif icat ion of f a c i l i t i e s  would be 

required f o r  the pressure-fed booster ;  t o  a l a r g e  ex ten t ,  



boos ter  wi th  minor modifications.  
I 

(4) The s t i f f ,  t h i c k  walls of the pressure-fed 

boos te r  could withstand a moderately high impact 

ve loc i ty ,  and t h u s  it lent i tself  t o  boos te r  recovery.  

of much higher r i s k .  

(5) Environmental e f f e c t s  of both l i q u i d  systems 

would have been the same. 

It was concluded t h a t  the pump-fed system had c o s t  advan- 

t ages  and lower t echn ica l  r i s k  i n  a l l  a s p e c t s  except  the 

recovery r i sk ,  which appeared large. O f  the two l i q u i d s ,  

the pump-fed concept was deemed more advantageous in 

sp i te  of the need t o  develop complex recovery systems. 

The pump-fed l i q u i d  series burn* concept compares t o  the 

s o l i d  rocket  motor paral le l  burn** concept as follows: 

(1) The l i c p l d  boos ter  requi res  t h r u s t  vec to r  con- 

t r o l  f o r  c o n t r o l  during boost phase. The s o l i d  aoes not ,  

%Series burn - the o r b i t e r  engines are i g n i t e d  a f te r  
boos te r  shutdown and separat ion.  
**Paral le l  burn - the  o r b i t e r  engines are Ign i t ed  on the 
pad and burn continuously through the boost phase and on 
l n t o  o r b i t .  The booster  i s  ign i ted  on the pad and boosts  
t o  burnout, where it separa tes  and r e e n t e r s .  



as the  o r b i t e r  engines would be f i r i n g  simultaneously 

and provide s u f f i c i e n t  cont ro l .  

(2)  For abort ,  t he  ser ies-burn l i q u i d  system would 

be conventional, a s  f o r  Apollo.  The s o l i d  system 

requi res  a nondestructive t h r u s t  terminat ion system. 

Both s y s t e m s  would r equ i r e  an escape rocket  f o r  i n t a c t  

a b o r t  o f  t h e  o r b i t e r .  

( 3 )  Acoustic noise  and v ib ra t ion  l e v e l  would be 

higher  outs ide  the  o r b i t e r  payload bay f o r  the s o l i d ,  

but manageable . 
(4) Providing recovery would e n t a i l  major develop- 

mental risks fo r  the l i q u i d  but would be s impler  f o r  the 

s o l i d .  More importantly,  the n e t  c o s t  of l o s i n g  a 

l i q u i d  boos te r  would be perhaps 10 times greater than 

l o s i n g  a so l id ,  jeopardizing the a b i l i t y  of t h e  s h u t t l e  

t o  a t t a i n  low c o s t s  of r ecu r ren t  operat ions.  

( 5 )  The s o l i d  boos te r  system would be about 45,400 

kilograms (100,000 pounds) l i gh te r  than  the  l i q u i d  booster .  

Development c o s t s  of the s o l i d  are estimated t o  be about 

$700 mil l ion lower than  those of the l i q u i d .  

( 6 )  Environmental e f f e c t s  f o r  both l i q u i d  and s o l i d  

systems were about the same wi th  one exception, p rope l l an t s  

and t h e i r  exhaust products. The l i q u i d  boos te r  would use 

RP, a k e r o s e n e - l i k e  rocke t  propel lan t ,  and l i q u i d  oxygen, 
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1 
I and i ts  exhaust products would be c h i e f l y  carbon 

monoxide, water vapor, and carbon dioxide,  a long wi th  

smaller q u a n t i t i e s  of hydrocarbons and ammonia. Pro-  

p e l l a n t s  f o r ,  and emissions from, the s o l i d  motors k v e  

been d e t a ' i l e d  i n  a preceding sec t ion ,  with the c h i e f  

I en i s s ions  being hydrogen chlor ide,  carbon monoxide, water 

vapor, and aluminum oxide. 

I n  summary, it was determined that, of the unmanned 

b a l l i s t i c  recoverable  boosters,  the s o l i d  boos te r  with 

p a r a l l e l  burn would g ive  the lowest development c o s t ,  

less c a p i t a l  r i s k  per  f l i g h t ,  and lower t echn ica l  r i s k  

of development . Environmental e f f e c t s  would be minor, 

a l though it would be necessary t o  impose a d d i t i o n a l  con- 

s t r a i n t s  on launch assoc ia ted  with the l ike l ihood  o f  

r a l n  f a l l i n g  throiigh thC lauiich exhaiist cloiid sild scr;iibbing 

out  the hydrogen c h l o r i d e  i n  solutLon as hydrochloric 

ac id .  These c o n s t r a i n t s  a r e  i n  a d d i t i o n  t o  norpal  launch 

c o n s t r a i n t s  imposed by wind shears and o t h e r  f a c t o r s .  

The a d d i t i o n a l  c o n s t r a i n t  has been deemed acceptab le  t o  

the meeting of program object ives .  These f a c t o r s  l e d  t o  

the s e l e c t i o n  of the solld-rocket-motor booster,  parallel-  

burn concept f o r  t h e  space shuttle. 

The p o s s i b i l i t y  o f  reducing total. systems c o s t s  through 



reducing t h e  s i z e  of the  payload bay i n  the o r b i t e r  

from 4.6~18 meters (15x60 fee t )  t o  4 . 3 ~ 1 4  meters 

(14x45 feet) and r e d u c i n g  t h e  payload capac i ty  for a 

due east launch from 29,500 kilograms (65,000 pounds) 

t o  20,400 kilograms (45,000 pounds) was considered. 

The add i t iona l  c o s t  savings were estimated t o  be only 

about $70 mil l ion  i n  the development program, less than  

1$ percent of the t o t a l  of about $5 b i l l i o n .  Further-  

more, the o r b i t e r  with the smaller payload compartment 

was unable t o  accommodate about 10 percent  of the pro- 

j ec t ed  c i v i l  missions and about 37 percent of the pro- 

j ec t ed  m i l i t a r y  missions f o r  a t y p i c a l  mission model 

f o r  the  period 1979-1990. Therefore, the smaller s h u t t l e  

would have required r e t e n t i o n  of large expendable boos t e r s  

I n  the U.S. launch veh ic l e  inventory for t ha t  period t o  

handle the larger payloads. 

be e s s e n t i a l l y  the same f o r  both s i z e s  of o r b i t e r .  

ever ,  the r e t e n t i o n  of expendable veh ic l e s  i n  the case  

of the smaller orb i te r  would Imply continued expending 

of c e r t a i n  mineral n a t u r a l  resources  and a h igher  t o t a l  

c o s t  f o r  U.S. space a c t i v i t i e s .  

Environmental e f f e c t s  would 

How- 



E. THE RELATIONSHIP BETWEEN THE LOCAL 
SHORT-TERii USES OF TKE ENVIROWNT AND THE 

MAINTENANCE AND ENHANCEDLENT OF LONG-TERii PRODUCTIVITY 

The environmental e f f e c t s  of the s h u t t l e  a r e  loca l i zed  

and of r e l a t i v e l y  s h o r t  durat ion.  

w i l l  l i m i t  the use of the immediate environment f o r  the 

I 
Although these e f f e c t s  

period immediately before  and a f t e r  a launch, there i s  no 

foreseeable  adverse e f f e c t  on long-term environmental 

p roduct iv i ty .  On the contrary,  the space s h u t t l e  has 

great p o t e n t i a l  f o r  improving the management of the 

earth's environment and n a t u r a l  resources .  

The space s h u t t l e  can provide the  means f o r  launch and 

recovery of environmental and resource sa te l l i t es  expected 

t o  be opera t iona l  during t h e  19801s f o r  var ious use r s  

such as  the  National Oceanic and Atmospheric Administration 

and the Departments of  I n t e r i o r  and Agricul ture .  I n  a d d l -  

t i o n ,  the s h u t t l e  w i l l  p e r m i t  cont inuing research  and 

development on improved systems by NASA and the u s e r  

agencies.  S c i e n t i f i c  space s h u t t l e  missions would 

i n v e s t i g a t e  the  i n t e r a c t i o n s  o f  the earth 's  environmznt 

w i t h  the space environment and the sun. The b e n e f i t s  of 

these programs would ul t imate ly  be measured i n  terms of 

greater understanding of the processes that govern the 

weather, improved p red ic t ion  of weather and e s p e c i a l l y  



weather hazards, monitoring and c o n t r o l  of po l lu t ion ,  

and c a p a b i l i t y  f o r  inventory and management of the 

ea r th ' s  resources on a na t iona l  and e v e n ' a  g loba l  s ca l e .  

F ina l ly ,  p roduct iv i ty  of the  space systems themselves 

would be g r e a t l y  increased through the a b i l i t y  afforded 

by t h e  s h u t t l e  t o  recover, maintain, and reuse  them. 

With the  s h u t t l e  i n  being, space f l i g h t ' s  con t r ibu t ion  

t o  man's environment will mature and become one of the 

main too l s  i n  measuring, monitoring, and managing ear th 's  

condi t ions and n a t u r a l  resources.  I n  summary, t h i s  

Nation's short-term investment i n  the space shuttle pro- 

gram w i l l  r e s u l t  i n  a long-term improvement of the 

g l o b a l  environment for f u t u r e  generat ions.  



F. IRREVERSIBUC AND 1R"nETRIEVABLE 
C O i Q 4 ~ ~ ~ S  OF NATURAL RESOURCES 

The space s h u t t l e  o r b i t e r  r e t u r n s  t o  ear th  and lands  

l i k e  an a i r c r a f t  and the booster  s o l i d  rocke t  motors 

are recovered and r e u s e d .  A l l  s t r u c t u r a l  elements of 

the s h u t t l e  a r e  r e t r i e v a b l e  with t h e  except ion o f  the 

e x t e r n a l  hydrogen/oxygen tank which i s  j e t t i s o n e d  i n  

f l i g h t  and disposed of i n  a remote ocean area. T h i s  

tank i s  constructed of aluminum and weighs approxi- 

mately 31,800 kilograms (70,000 pounds) . When the 

. s h u t t l e  i s  f u l l y  opera t iona l ,  up t o  50 of these tanks  

w i l l  be expended each year.  T h i s  expendi ture  of about 

1.6 mi l l i on  kilograms (3s mil l ion  pounds) of aluminum 

p e r  year  i n  the 19801s may be compared t o  t h e  annual 

U,S, production of  nea r ly  3 - 6  b i l l i o n  kilograms ( 8  

b i l l i o n  pounds) i n  1969. 

The p rope l l an t s  used by both o r b i t e r  and boos ter  are 

i r r e t r i e v a b l e .  

(1,230,000 pounds) o f  LOX and 95,300 kilograms (210,000 

The o r b i t e r  consumes 558,000 kilograms 

pounds) of % per  f l i g h t .  

kilograms ( 8,150 pounds) of N2H4, 8,500 kilograms 

(18,700 pounds) of N204, 1, &20 kilograms (4,000 pounds) 

of JP-5, and approximately 68 kilograms (150 pounds) of 

It may a l s o  consume 3,700 
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helium on each flight. The o r b i t e r  a l so  u t i l i z e s  

s o l i d  rocket motors f o r  f l i g h t  maneuvering and  these 

motors consume 18,2iW kilograms (40,000 pounds) o f  

s o l i d  propel lan ts  each mission. The s o l i d  rocket  

booster  consumes approximately l,OgO,@O@ kilograms 

(2,400,000 pounds) of solid rocket  propel lan t  for 

each launch. 

Propel lan ts  w i l l  a l so  b e  consumed i n  ground t e s t i n g  

of' the  various propulsion elements. Approximate t o t a l s  

f o r  all development, qua l i f i ca t ion ,  and major ground 

tests over t he  6-year development period a r e  a s  follows; 

LOX - 1611 mil l ion  kilograms (362 mi l l ion  pounds) 

LH2 
Sol id  Rocket Propel lan t  - 7.7 mi l l i on  kilograms 

- 33.8 mi l l ion  kilograms (74.5 mi l l i on  pounds) 

(17 mil l ion  pounds) 

N2H4 

N204 

- 449 thousand kilograms (989.3 thousand pounds) 

- 206 thousand kilograms (454 thousand pounds) 

Natural  gas i s  cu r ren t ly  used t o  produce l i q u i d  hydrogen 

f o r  space missions. 

billion standard cubic feet)  of n a t u r a l  gas p e r  y e a r  

would be required t o  provide the l i q u i d  hydrogen for a 

launch ra te  of 5 C  s h u t t l e  missions per  yea r  i n  the 19801s. 

About 94 m i l l i o n  cubic meters ( 3  1/3 
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I 

This may be compared t o  t he  cur ren t  production of about 

455 b i l l i o n  cubic meters (16 t r i l l i o n  standara cubic  

f e e t )  and tha t  expected f o r  1980 of about 710 b i l l i o n  

cubic  meters (25 t r i l l i o n  s tandard  cubic feet) .  

A l t e rna te  l i q u i d  hydrogen production methods can be 

developed i f  n a t u r a l  gas resources are inadequate t o  

the  t o t a l  na t iona l  demand. Other ma te r i a l s  used inc lude  

glass, n i cke l ,  chromium, lead, t i tanium, zinc,  copper, 

and very small q u a n t i t i e s  of s i l v e r ,  mercury, g o l d ,  and 

platinum. The a b i l z t y  t o  recover and reuse  boos te r  and 

o r b i t e r  avoids the l o s s  of any s i g n i f i c a n t  q u a n t i t i e s  

of these materials. 
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G. COMMENTS ON ENVIRONMENTAL STATEMENT FOR 
SPACE SHUTTLE PROGRAM 

Comments on the f irst  d r a f t  environmental statement for 

the space shu t t l e  program (released March 1, 1971) were 

requested from CEQ, OMB, EPA, DOT., DOD, and the  S t a t e  

Department.  Comments on t h a t  d r a f t  were received only 

from EPA. Comments on the second d ra f t  (released 

A p r i l  19, 1972) were requested from CEQ, EPA, DOD, DOA, 

DOT, HEW, KUD, DOI, DOC, Om, S t a t e ,  AEC, NSF, and FPC. 

Responses were received from DOA, DOT, DOD, DOC, DOI, 

HUD, HEW, AEC, and EPA. A l l  responses are included 

i n  Appendix D. 

A number of commenting agencies  (HUD, DOI) suggested tha t  

e f f e c t s  l o c a l  to the  launch and landing s i tes  be covered 

i n  more de ta i l .  Local e f f e c t s  w i l l  be described i n  

appropr ia te  i n s t i t u t i o n a l  environmental statements t o  

be issued and c i r c u l a t e d  f o r  comments as required by 

CEQ guidel ines .  

Two agencies (DOT and DOC) raised quest ions about t he  

means t o  be used t o  warn mariners who might otherwise 

be i n  the zone of focused sonic  boom a t  the time of 

space s h u t t l e  launches. Current NASA p r a c t i c e  inc ludes  
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a highly e f f e c t i v e  monitoring and warnlng system deemed 

s u i t a b l e  ‘for f u t u r e  s h u t t l e  operat ions.  T h i s  f i n a l  

statement includes a br ief  desc r ip t ion  of t h a t  system 

and a re ference  t o  the appropr ia te  range s a f e t y  document. 

The Environmental P ro tec t ion  Agency suggested tha t  the 

f i n a l  statement should ind ica t e  the r e l a t i o n s h i p  between 

the  concentrat ions of s o l i d  rocket motor exhaust pro- 

duc ts  i n  the atmosphere and appropr ia te  National Primary 

. .  

arid Secondary A i r  Q u a l i t y  Standards. The information 

has been added  t o  the ex ten t  that  i t  i s  ava i l ab le .  

Peak concent ra t ions  of carbon monoxide are w e l l  below 

the app l i cab le  standard f o r  one-hour exposure. While 

peak concent ra t ions  of aluminum oxide exceed the 24-hour 

s tandards f o r  p a r t i c u l a t e s ,  t h e  exposure would be f o r  

only a few minutes, and thus  the 24-hour exposure would 

be below t h e  app l i cab le  standard.  National s tandards 

have not y e t  been promulgated f G r  hydrogen ch lor ide .  

Programs of research  and monitoring are suggested (by 

EPA, DOC, and D O I )  t o  confirm the t h e o r e t i c a l l y  predicted 

atmospheric e f f e c t s  of both launch- and reentry-induced 

c o n s t i t u e n t s .  Such programs a r e  a l r eady  i n  being and 

w i l l  be continued as necessary. For example, NASA is 
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p a r t i c i p a t i n g  wi th  the DOT (and o thers )  i n  t h e  Climatic 

Impact Assessment Program (CIAP) determining t h e  e f f e c t s  

of minor, upper atrnosphcre cons t i t uen t s  upon c l imate .  

NASA has i t s  own program t o  determine t h e  d i s t r i b u t i o n  

and e f fec ts  of minor, upper atmospheric cons t i t uen t s  

and provides program r e s u l t s  t o  the o t h e r  agencies.  

The recent  Apollo 1 6  launch afforded the  opportuni ty  

t o  t e s t  experimentally t h e  mathematical model used t o  

p r e d i c t  low a l t i t u d e  concentrat ions of emi t t an t s  from 

t h e  rocket exhaust, and the r e s u l t s  are  present ly  being 

analyzed. Such tes ts  of the mathematical model w i l l  

cont inue and the model w i l l  be updated and improved as 

t e s t  resul ts  warrant. T h i s  is  p a r t  of  a comprehensive 

program t o  b e t t e r  assess the  d i f f u s i o n  i n  the atmosphere 

of rocket engine exhaust emissions and the i r  e f f e c t s .  

A research program, both t h e o r e t i c a l  and experimental, 

i s  being conducted t o  determine the generation, t r ans -  

po r t ,  and  l i f e  time of chemical compounds and ions  pro- 

duced by the  shock wave and through a b l a t i o n  during 

o r b i t e r  reent ry .  Su f f i c i en t  information is  a v a i l a b l e  

t o  ind ica t e  t h a t  such dis turbances i n  the upper atmosphere 

are highly l o c a l  and shor t  l i ved  and t h a t  no adverse 

consequences are  l i k e l y .  However, t h e  program w i l l  be 



pursued t o  i t s  conclusion t o  ensure t ha t  no factors 

have been overlooked. 

F ina l ly ,  g r a n t s  t o  the F lo r ida  Technology Universi ty  

and the Flor ida  I n s t i t u t e  of Technology have been-made 

t o  determine t h e  

Center environs. 

th i s  base l ine  of  

baseline ecology of the Kennedy Space 

The ecologica l  impact r e l a t i v e  to 

the a c t i o n s  taken during the space 

s h u t t l e  program w i l l  be c a r e f u l l y  monitored . 



APPENDIX A 

SPACE SHUTTLE ECONOMICS* 

1. J u s t i f i c a t i o n  

The j u s t i f i c a t i o n  of t he  space s h u t t l e  is  not  baaed on the 
d e t a i l s  of space s h u t t l e  economics alone.  
t ha t  the  s h u t t l e  i s  a good investment and w i l l  make poss ib le  
s ign i f icant  savings i n  f u t u r e  space operat ions.  
fundamental reason f o r  developing the space s h u t t l e  i s  the 
necess i ty  t c  have a means f o r  rout ine ,  quick r e a c t i o n  and 
economical access  t o  space and r e t u r n  t o  earth i n  o rde r  t o  
achieve t h e  b e n e f i t s  of t he  s c i e n t i f i c ,  c i v i l ,  and m i l i t a r y  
uses  of space t h a t  w i l l  be important i n  the  decade of  the 
19801s and beyond. The space s h u t t l e  program i s  a l s o  the 
lowest cos t  approach f o r  providing a cont inuing use fu l  capa- 
b i l i t y  for manned space f l i g h t  and f o r  maintaining a c l e a r  
U.S. presence i n  space. 

It is a f a c t  

But the 

2. Fund i n g  Requirements 

a. The development c o s t  f o r  the space s h u t t l e  is now 
estimated t o  be $5.15 b i l l i  on. 

b. The add i t iona l  investment c o s t s  f o r  procurement of 
production f l i g h t  hardware and f a c l l i t i  es is estimated a t  
about $ 1 . 3  b i l l i o n ,  on the  reasonable assumption t h a t  t h e  
i n i t i a l  inventory w i l l  include: 3 production o r b i t e r s ,  2 
refurbished o r b i t e r s ,  and the i n i t i a l  production boosters .  

c .  The t o t a l  investment, therefore ,  required t o  develop 
the s h u t t l e  -procure f l i  h t  hardware and provide f ac i l i -  
t i es  w i l l  be approximately 6.45 b i l l i o n .  

3. Implied Future Commitments 

a.  The full development o f  the s h u t t l e ,  the i n i t i a l  
Investment required,  and i t s  subsequent operat ion,  toge ther  
w i t h  a centinuing well-balanced program i n  sc ience  , appl ica-  
t i o n s ,  and aeronaut ics ,  can be supported a t  an  e s s e n t i a l l y  
cons tan t  t o t a l  N A S A  b u d g e t  l e v e l ,  i.e., about $3.4 b i l l i o n  
i n  1971 do l l a r s .  

b. The peak annual t o t a l  funding l e v e l  required f o r  
the s h u t t l e  during t h e  development period I s  estimated a t  
about $1.2 b i l l l o n .  A s  stated above, t h i s  w i l l  not re u t r e  a n  Increase over the cu r ren t  t o t a l  N A S A  budget l e v e  + 
%ee reference (24) f o r  a complete a n a l y s i s  of  shuttle 
economics. 
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4. Rela t ion  of S h u t t l e  Funding t o  Other Space Program 
Fund ing  

a. There has been some confusion on funding l e v e l s  
requi red  f o r  the s h u t t l e  because some people have incor-  
r e c t l y  counted the c o s t  of fu tu re  s a t e l l i t e s  and o t h e r  
payloads and mission support  i n  f u t u r e  years 8s  a p a r t  
of  the development o r  investment c o s t s  of the space 
s h u t t l e  system. In t h i s  way, f i g u r e s  of $10 b i l l i o n  o r  
more have been a r r ived  a t  as the " t rue"  c o s t  of the 
s h u t t l e  system. This l i n e  o f  reasoning seems t o  assume 
tha t  f u t u r e  sa te l l i t es  and payloads would be put i n  space 
only  because w e  w i l l  have a s h u t t l e ,  o r  would be put i n  
space a t  a ra te  which is unreasonably high because w e  
have the s h u t t l e ,  thereby leading t o  annual budget levels 
f a r  greater than cu r ren t  l e v e l s .  

b. The f a c t s  are: 
I 

(1) The dec is ion  t o  develop the s h u t t l e  does not  
e n t a i l  a n  increased l e v e l  of f u t u r e  expendi tures  for the 
sa te l l i t es  and payloads i t  w i l l  c a r r y  o r  f o r  conducting 
s h u t t l e  missions. 

(2) The s c i e n t i f i c  and c i v i l  and m i l i t a r y  a p p l i -  
c a t i o n s  missions the s h u t t l e  w i l l  perform w i l l  be the same 
ones that would otherwise be launched by expendable 

s h u t t l e  w i l l  mean that many missions w i l l  be performed 
d i f f e r e n t l y  and more e f f e c t i v e l y .  

After development, the c o s t  of performing 
these missions w i l l  be less wi th  the s h u t t l e  than  without., 
because the s h u t t l e  w i l l  be a r e  economical launch 
veh ic l e  and because payload costs can be reduced by reuse  
and redeslgn.  

L n n 0 t e - m  07+L-. .c .  tL- - d L 1 - 1 4 - 4 - ~ - 1  c , - m - k 4 1 4 + q n -  u w u o  u c L - a ,  a -Lui~uu& uuc a u u A u A u u a A  L a p G u A A i u i G o  of the 

( 3 )  

(4) Economical use of the s h u t t l e ,  including 
mission c o s t s ,  is achievzble  w i t h  t o t a l  annual  budgets f o r  
space a t  s u b s t a n t l a l l y  the cu r ren t  l e v e l s .  Numbers of the 
o rde r  ol' $10 b i i l i  on o r  more, if c o r r e c t  a t  a l l ,  relate t o  
expendi tures  that  would be spread over  a long period of 
t i m e  and which need not  exceed the present  annual l e v e l s .  

5. i l l u s t r a t i o n  of Expected Economies through U s e  of the 
S h u t t l e  

a. A r e a l i s t i c  combined mission model f o r  NASA, DoD, 
and o t h e r  users ,  one of  s e v e r a l  that has been s tudied ,  

1 0 1  
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c a l l s  for some 580 missions over a 12-year period (1979- 
1990), an  average of less than 50 missions p e r  year.  
Models l i k e  t h i s  are not  approved plans,  bu t  provide 
assumptions t o  t e s t  the reasonableness of developing the 
space shut t le  from an economic s tandpoint .  

using ex i s t ing  conventional vehic les  would be some $13.2 
b i l l i o n  over those 12 years .  U s i n g  t h e  s h u t t l e ,  the  
t o t a l  launch c o s t s ,  including procurement of replacement 
boosters ,  d r o p  t o  about $8.1 b i l l i o n ,  a n  economy of some 
$5.1 b i l l i o n .  

b. I n  t h i s  model, launch and launch-related c o s t s  

c. The payload development and procurement c o s t s  f o r  
t h i s  mission model would, f o r  conventional launches, run 
about $35.1 b i l l i o n  over  these 12 years  divided between 
NASA, DoD, and o t h e r  agencies .  Because of payload reusa-  
b i l i t y ,  design s impl i f i ca t ion ,  and lower r i s k  f a c t o r s ,  
the  580 s h u t t l e  missions would have payload c o s t s  of about 
$26.8 b i l l i o n .  T h i s  is an economy of another  $8.3 b i l l i o n .  

d .  Therefore, the assumed 12-year f l i  h t  program can 

than without, a n  average saving of over  $1 b i l l i o n  per  year. 
be car r ied  out  with t h e  s h u t t l e  about $13. t b i l l i o n  cheaper 

e. The average t o t a l  annual c o s t  f o r  launch and pay- 
loads i n  the  assumed mission mode l  is about $4.0 b i l l i o n  
without t h e  s h u t t l e  and about $2.9 b i l l i o n  wi th  t h e  s h u t t l e .  
These l eve l s  are  compatible wi th  the c u r r e n t  l e v e l s  of the  
t o t a l  space budgets f o r  NASA, DoD, and o t h e r  agencies.  

6. Shut t le  Amortization over.580 Missions i n  12 Years 

a. Investment in space s h u t t l e ,  
including i n i t i a l  inventory,  as 
i n  I t e m  2 above (de ta i l s  shown 
below) : 

Development, t e s t ,  and pro- 
curement of 2 o r b i t e r s  and 
2 boosters  

Refurbish 2 o r b i t e r s  and 
procure 3 more, including 
engines,  and i n i t i a l  pro- 
duct  ion boosters 

F a c i l i t i e s  f o r  development, 
t es t ,  and launch c a p a b i l i t y  

$6.45 b i l l i o n  

(5.15) 
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I 
1 

7.  

b. 

C .  

d .  

e. 

f. 

A d d i t  ima l  investments required 
t o  fly mission model assumed i n  
Item 5 above: 

T o t a l  development and investment 
1972-1990 (sum of Items 6a and 
6b) : 

N e t  reduct ion  i n  c o s t  of 580 
missions because of s h u t t l e  
opera t ions ,  as i n  I t e m  5d above: 

Twelve-year b e n e f i t  saving 
r ea l i zed  from s h u t t l e  investment 
(Item 6d minus 6 c )  : 

Thus, even i f  the space programs 
of NASA, DoD, and o t h e r  agencies  
terminated i n  1990, the s h u t t l e  
would have more than paid f o r  
i tself  by then. 

Addit ional  Points  

$1.6 b i l l i o n  

$8.05 b i l l i o n  

$5.35 b i l l i o n  

a. The s p e c i f i c  missions that j u s t i f y  the s h u t t l e  
are those t h a t  could and would otherwise be j u s t i f i e d  on 
their  own merits with conventional launch vehic les ;  the 

b. The s h u t t l e  is s e l f - s u f f i c i e n t ;  it does not  
r e q u i r e  a space s t a t i o n  in orde r  t o  meet the  good inves t -  
ment c r i t e r i o n ,  o r  t o  conduct u se fu l  manned missions i n  
earth o r b i t .  

c x h r i f t 7 n  malrns t h e m  mnma n f f n r - t 3 i r n  and 7 n c c  os.nnnc3vn 
Y I I U W " d 1  .I*-.L"Y "A*"... ... V I "  " * * " Y  w * . -  -a*" 6 " l l  -4hyr*&u&.".  

c .  Without the shut t le ,  the U.S. w i l l  have no program 
of manned space f l i g h t  af ter  1973. 

8. Conclusion 

Even though the primary j u s t i f i c a t i o n  for t h e  space s h u t t l e  
is n o t  economics, for mlssion models a t  c u r r e n t  space 
b u d s  l e v e l s  and similar t o  t hose  now I n  efi'ect the 
s h u t t l e  investment w i l l  be returned with b i l l i o n s  t o  spare. 
I f ,  as is  l i k e l y ,  new useful and economically b e n e f i c i a l  
mission p o s s i b i l i t i e s  open up during the 198Ofs because 
of the rou t ine  and quick access  t o  space the s h u t t l e  pro- 
vides ,  t h e  investment w l l l  be returned many times over. 
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L i s t  of Study Contracts  

.. 
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pu l s ion  Company 

P r z t t  and Whitney 
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APPENDIX D 

RESPONSES TO DRAFT EMTIRONMENTAL STATENEXT 

FOR SPACE S'rflTTTLE PROGRAM 



ENVIRONMENTAL PROTECTION AGENCY 
WASHINGrON. D.C. 20460 

EPA-74 
October 5, 1971 

M r .  Ralph E. Cushmr. 
Special Assistant 
Office of Administration 
National Aeronautics and 

Space Administration 
Washington, D.C. 20546 

Dear Mr* Cushman: 

O u r  agency has completed the technical review of the draf t  
environmental impact statement on the NASA Space Shuttle Program. 

I n  general, we believe that t h e  most serious poss ib i l i ty  f o r  
adverse environmental impact would occur i n  the event of an oper- 
a t iona l  qrishap leading to:  

1) Chemical contamination of surface water. 

2) Radiological contamination of surface water' or the atmosphere . 
We enclose our detai led comments on these and other concerns. 

If you have any questions, please contact MI-* Jack Anderson of our 
off ice  . 

Sincerely, 

George Marienthal 
Acting Director 
Office of Federal Act iv i t ies  

Enclosure 
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Cements on t h e  (Draft)  Environmental Impact 
Stateinsnt on the NASA Space Shuttle Program 

The draft statement should be expanded t o  include a complete 
discussion of t h e  various typs of credible mission accidents and 
an e s t i m t e  of the  probabili ty of occurrence of each. 
sion should be directed toward an  assessment of the possible adverse 
enviromsntal  ccmsequences inherent i n  such accidents and how these 
consequences vary depending on where i n  the  f l i g h t  procedures they 
occur (i.e. during t h e  launch, at high a l t i t udes ,  during o r b i t e l  
operations, during reentry or landing phases). 

The discus- 

. 

Two poss ib i l i t i e s  which deserve par t icular  a t ten t ion  are: 

- Contamination of surface water by t h e  in ten t iona l  dumping 
or accidental  spi l lage of unburned j e t  f u e l  accompanying a mission 
abort or reentry accident. The statement shoJld include informt ion  
concerning : 

1) The typzs of fuels l ike ly  to be involved; 

2 )  The probable environmental fa te  of such f u e l s .  

3 )  The nature of the chemical reactions and prop, arties 
of resul t ing chemical compounds produced when f u e l s  
contact either salt or f resh  water, par t icu lar ly  as 
these compounds a f f ec t  water qua l i ty  and marine l i fe .  

4) The hnilies ~f water likely t o  be affected.  

A s i m i l a r  discussion should be included on any other nonradio- 
aztLiFs materials which are likely t o  be dispersed by accident or de- 
sign and a re  an bozrd shut t le  c r a f t  or boosters ir. suf f ic ien t  quanti- 
ties t o  pose an enviromental  hazard. 

- 3adiological contamination of a i r  or surface water by the scci-  
dental  release of radioactive materials which cogld occur as a r e s a l t  
of t h e  rapture of any vessel  cmtaining ra3ioisotopss. 
equipmeat which contzins significant q i a n t i t i e s  of raflioactive naterial, 
whet5er it be a n x l e a r  generator or experimental device, could pre- 
ssnt  a hazard. 

Any type of 

The emironmental in-ct statenetit should pro-ride de- 
tai ls  03 the 

1) 

~ 

following : 

Types and nature of a l l  equipment t o  be w e d  i n  the space 
shu t t l e  program co3taining any type of radioactive m t e -  
r ia l .  

The source terms for redloactive w-terial. ( i .e .  the 
types and quan t i t i e s  of isotopes; physical s t a i e ( s )  of 
m=terhl(  s) ; modes , energies , and half-lives essociated 
w i t h  ra3iioactive decalr. 
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Pak:e 7 - 'Comments on t h e  (Draft) Nnvironmental Impact 
_* ' Statement on the NAYA Space S h u t t l e  Program 

3) 

4)  

5 )  

I r !  order 

The probable environmental f a t e  of any radioactive 
material released based on: 

Physical form of material(s)  released as  a function 
of the type of accident. 

Amounts of material involved. 

Point of release ( i .e. geographical location and 
a l t i tude) .  

The meteorologi.ca1 or hydrological character is t ics  
of the region. 

Estimated dose rates or  exposures both on and off-s i te  
under "average" and ''worst case" meteorological condit- 
ions. Discimsion should include a complete description 
of monitoring, f a c i l i t i e s ,  operational plans, personnel 
and the i r  responsibi l i t ies ;  system performance capabil- 
i t i e s  and l imitations;  

Accident contingency and radiological safety plans i n -  
cluding a description of the organization, operation, 
objectives, and the response capabi l i t ies  of a l l  invol- 
ved health agencies i n  addition t o  decontamination pro- 
cedures t o  be employed i n  t h e  event of a radioisotope 
fue l  s p i l l .  

t o  evaluate the t o t a l  environmental impact of the pro- 
jec t ,  some discussion of the methods and techniques of generation of 
l iquid hydrogen from natural gas should be included i n  t h e  impact s ta te -  
ment. Do these processes involve any venting of CO, C02, or other gases 
t o  the atmosphere and i n  what quant i t ies?  

112 



DEPARTMENT CF AGRICULTURE 
~ 2 f  FlCE O F  TH! SECfiET4RY 

WASHINGTON. I, C 20250  

Mr. Ralph E. Cushmen 
Special Assistant 
Office of Administration 
National Aeroneutics and 

Washington, D.C. 20546 
Spcae Administration 

DearMr. cushman: 

Thank you for allowing us to review the drdt enviromentd. 

impact statement for the ?USA Space Shuttle Program. 

no comments. 

We have . 

We note that questions of land use cultural, social, end 

delTi6graphic effects m e  to be treated as necessary in Institutional 

environmental impact statements. 

Sincerely, 

Assistant Director 
Science and Education 



OFFICE OF THE SECRETARY OF TRANSPORTATION 
WASHINGTON. D.C. 20590 

Mr. Ralph E. Cushman 
Special Assistant 
Office of Administration 
National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear M r  . Cushman: 

My staff has reviewed t h e  d ra f t  environmental impact statement f o r  t he  
space shu t t l e  program. On the basis  of t h e i r  report ,  I have no adverse 
comment, i n  view of the  precautions which are promised t o  warn merchant 
mariners and recreational boaters of the high overpressure tha t  w i l l  be 
experienced from the sonic boom tha t  w i l l  occur Over the ocean in the  
focus area 60 kilometers down range from the launch site. 

In  view of the scale of the down range overpressure, it is suggested t h a t  
the f i n a l  statement identify i n  more d e t a i l  the advance warning precautions 
and s teps  to  be taken t o  monitor t he i r  observance. 
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ASSfSTANT SECRETARY OF DEFgNSE 
WASHINGTON. 0. C. 20301 

HEALTH AND 
ENVIRONMENT 

8 JU# 1972 

blr. Ralph E. Cushman 
Special Assistant 
Office of Administration 
National Aeronautics and Space 

Administration 
Wzshington, D. C. 2054.6 

Dear Mr. Cuslman: 

The Draft Environmental Statement on the NASA Space Shuttle 
Program has been reviewed. 

Tie Department of Defense concurs in the goals of the Space 
Shuttle Program and concludes that the statement provides an 
adequate evaluation of the environmental effects. 

Detailed cormnents suggested by the Department of the Air Farce 
are attached. 

Attachnent 
a b  



A I R  FORCE SUGGESTED CJlANGES 
TO TI= 

DRAFT ENVJROh7~NTnL STATENTW"' - NASA SPACE SIIUTTLE; PROGRAM 

1. 

2. 

3. 

4 , 

Page )+> Line 2 :  

Delete "from seven t o  30 days" 
Add "up t o  30 days" 

shor t e r  d u r a t i o n s  than seven days (e.g., a one o r b i t  
m i s s i o n ) .  

Page 18, Line - 9:  

Delete "Appropriate warnings w i l l  be issued p r i o r  to4 
each reentry.  'I 

Although appropriate  warnlngs w i l l  be issued 
whenever possible the nature of c e r t a i n  Department of 
Defense missioii:; preclude the  issuance of such warnings 
f o r  these missions. 
areas and extended time periods can be issued. 

Specif ic  Department of Defense missions are of 

However, warnings covering s p e c i f i c  

Page 76, Line 5: 

Delete 'I small" 

not necessarily f ac tua l  as operating cos ts  are not  t h a t  
well known a t  the present  time. 

The word .small is misleading in t h i s  context  and 

Page 86, Line 26: 

Delete Para. h ( 3 )  

applied t o  spec i f i c  Department of Defense missions. 
It i s  not clear t h a t  this paragraph i s  t r u e  when 

Attachment 1 
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MP. Ralph E. Cushman 
Special Assistant 
Office of A d d h i s t r a t i o n  
National Aeronautics & Space 

Adrnin is  t ration 
Washington, D. C. 20546 

Dear M r .  Cushman: 

The draft environmental statement f o r  the "Space Shuttle 
Program," which accompanied your letter of Apri l  19, 1972, 
has been received by the Dspmtment of Commerce f o r  review 
and comment. 

The Bpartment of Commerce has reviewed the draft environmental 
statement and has the following comments t o  of fe r  for yow 
c om ideration. 

XASA states that there w i l l  be high overpressures from foe- 
sonic booms i n  a smll  area i n  the open ocean, down range i r o m  
the launch site. 
large and w e  are not  sure that present techniques f o r  
areas under rocket t r a j ec to r i e s  are adequate. With the pro- 
posed frequency of launches, the problem could become real. 
W e  suggest that a more act ive plan for. pa t ro l l ing  and clearing 
hazazdous areas might be given consideration. 

The pressme shown in the report  zppzars 
clearing" 

TJihile tne ascent phase for this vehicle as proposed i n  the 
NASP, Space Shuttle p r o p a m  is  not s ign i f icant ly  different from 
normal space missions of the type heretofore flown, the re-entry 
phase is  qui te  different. Because the reuseable orb i tor  is it 
winged vehicle, it w i l l  re-enter a t  a subs tan t ia l ly  shallower 
angle than a b a l l i s t i c  type of re-entry vehicle and w i l l  
spend a nueh longer period of time i n  the upper layers of the 
atmosphere. During the re-entry, i t  w i l l ,  as the impact study 
notes, produce n i t r i c  oxide and leave c e r t a i n  metall ic resi- 
dues i n  the atmosphere. degree t o  which the n i t r i c  oxide 
i s  forme6 w i l l  depend strongly o n  whether the ablating mate- 
r i a l  of tne nose cone is ca ta ly t ic  or m t i - c a t a l y t i c  with 
regard t o  the recombination process which produces the n i t r i c  

3-17 



t 

mide ,  s o  t h a t  the amount produced w i l l  be a funct ion of f ina l  
vehicle design as w e l l  as I ' l ight  prof i le .  These are two ques- 
t ions  of coiicern wi th  rekywd t o  environmental impact on the 
upper. atmosphere : 

a )  Do wc f u l l y  understand the range of recombination 
processes which may a f f e c t  the neut ra l  upper atrnos- 
phere': 

L j )  Has the e f f e c t  of' the r c - e n t r y  p ro f i l e  w i t h  regard 
t o  the l w e l  of icJnizstion In the upper atmosphere 
and t h e  Cenerat ioi i  of' t r a v e l i w  ionospheric disturb- - 
antes been e x p l i c i t l y  considered. 

With r;ek:ard t o  thc first questton, wcl know from laboratory 
es;?erimcnts that  a great v a r i e t y  of' inetastable compounds can 
be produced i n  the upper- atmosphere: helium compounds, f o r  
exa!nple. 
products has been considered i n  the study. 

We are curious as t o  whether tlie f u l l  range of such 

As t o  the second topic ,  w e  feel that the quest ion should be 
raised as t o  the e f f e c t  o f  the proposed re-entry p r o f i l e  on 
ion iza t ion  levels  i n  the upper atmosphere, pa r t i cu la r ly  i n  
t h e  v i c i n i t y  o f  the D, E, and F levels of the ionosphere. 
While the amount of ion iza t ion  which w i l l  be produced by such 
a re-entry may h c  small, 90 i s  the t o t a l  number of charged 
p a r t i c l e s  present p r io r  t o  the re-entry.  Is there any possi-  
b i l i t y  that su f f i c i en t  change i n  ioniza t ion  l e v e l  may be 
created t o  cause a s ign i f i can t  e f f e c t  on telecommunications 
o r  i n  s o l a r - t e r r e s t r i a l  re la t ionships? S imi l a r ly ,  w i l l  the 
t rave l ing  ionospheric disturbances produced by the re-entry 
have a s igni f icant  environmental effect? 

We sw-gest that answers might be sought durink? the course of 
the program through su i t ab le  research. If the answers are 
already known theri they could be presented i n  the statement. 

W e  hope these comments w i l l  be of assistance t o  you i n  +,he 
preparat ion of the final statement. 

Sincerely,  

Sidney R. Ghl le r  u 
Deputy Assistant Secretary 
f o r  Enviroilmcntal Affeirs 



' United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

Dear M r .  Cushman: 

Thank you f o r  providing us  w i t h  t he  opportuni ty  

JUBJ 3 1972 

t o  comment 
on t h e - d r a f t  environmental statement bh t he  NASA Space S h u t t l e  
PrOgrai (ER-72/492). 

I n  genera l  t h e  s ta tement  presents  a broad a n a l y s i s  of t h e  
var ious environmental impac t s  such as noise ,  rocke t  exhaust ,  
and f u e l  loss r e s u l t i n g  from t e s t i n g ,  launching, and recover- 
ing t h e  space s h u t t l e .  Although some d e t a i l e d  information i s  
given, an adequate a n a l y s i s  of the var ious  environmental e f f e c t s  
w i l l  r e q u i r e  t h e  r e a d e r  t o  a s s i m i l a t e  much of t h e  material l i s t e d  
i n  r e fe rence  Appendix (B) and i r i  var ious footnotes .  We fee l  t h a t  
the s ta tement  would be much improved i f  t h e  p e r t i n e n t  d e t a i l e d  
information were summarized i n  t h e  statement itself. S p e c i f i c  
comnents follow: 

No information i s  provided d i r e c t l y  about the loss rate of the 
products of combustion from t h e  s t r a tosphe re  and higher  l a y e r s  
(except  p a r t i c u l a t e s )  e i ther  t o  outer  space or lower atmospheric 
l aye r s .  Without such information, it i s  d i f f i c u l t  t o  judge 
long-term compositional changes i n  the  most r a r i f i e d  l aye r s  of 
the atmosphere r e s u l t i n g  not  only f r o m  t h i s  progrwn b u t  also 
from o t h e r  space a c t i v i t i e s  by t h i s  and other na t ions .  A monl- 
t o r i n g  program might be proposed t o  provide information on loss 
rates of various spec ies  from these  l a y e r s .  

Reference i s  made t o  a p r i v a t e  memorandum t o  NASA (Appendix (31, 
r e fe rence  1 0 ) .  It would be good policy i n  a statement of t h i s  
s o r t  t o  use only  support ing documents which are a v a i l a b l e  t o  
the publ ic  and have had an opportuni ty  to be subjected t o  the 
s c r u i i n y  of s c i e n t i s t s  and engineers coripetent i n  t h e  f i e l d .  

The last l i n e  on page 79. 
of s o l i d s .  
meaning intended. 

The f i n a n c i a l  a n a l y s i s  presented i n  Appendix (A) is ove r ly  
s i m p l i s t i c  and does not apply discounted cash f l o w .  

"Leaching" i s  an e x t r a c t i v e  t r e a t m n t  
"Scrubbing" would be a more accurate tern fo r  the 



We b e l i e v e  t h a t  t h e  s u b j e c t  p r o j e c t  would a f fec t  o n l y  local  
p o p u l a t i o n s  of w i l d l i f e .  However, w e  wish t o  p o i n t  o u t  t h e  
i n a c c u r a t e  assumption,  on page 4 5 ,  r e g a r d i n g  t h e  u s e  o f  f i s h  
t o x i c i t y  d a t a .  Data g e n e r a t e d  from t o x i c i t y  s t u d i e s  i n v o l v i n g  
f i s h  shou ld  n o t  be a p p l i e d  t o  b i r d s .  

Because l aunch ing ,  r e - e n t r y ,  and  o rb i t e r  l a n d i n g  r a n g e s  are 
n o t  i d e n t i f i e d  f o r  program o p e r a t i o n s  a t  e i t h e r  Kennedy Space 
C e n t e r  or Vandenberg A i r  Force Base, w e  are u n a b l e  t o  d e t e r m i n e  
whether  or no t  t h e  proposed Space S h u t t l e  Program would have  
any a d v e r s e  e f f e c t s  upon e x i s t i n g ,  p roposed ,  o r  known p o t e n t i a l  
u n i t s  of t h e  N a t i o n a l  Park  System and h i s t o r i c ,  n a t u r a l ,  and .  
env i ronmen ta l  e d u c a t i o n  s i tes  e l i g i b l e  or p o t e n t i a l l y  e l i g i b l e  
for r e g i s t r a t i o n  i n  t h e  N a t i o n a l  Landmark Programs. 

F o r  t h e  expansion of e x i s t i n g  fat-ilities or the development  of 
a d d i t i o n a l  f a c i l i t i e s  a t  both Kennedy Space C e n t e r  and Vandenberg 
A i r  Force  Base, a d e t a i l e d  a n a l y s i s  o f  new c o n s t r u c t i o n  and program 
o p e r a t i n g  e f f e c t s  upon n a t u r a l ,  c u l t u r a l ,  and e s t h e t i c  e n v i r o n -  
m e n t a l  r e s o u r c e s  a t  t h e  p r o j e c t  s i tes and i d e n t i f i c a t i o n  of pro-  
j e c t  e f fec ts  in terms of the  f i v e  a s p e c t s  of env i ronmen ta l  
a n a l y s i s  d e s c r i b e d  i n  S e c t i o n  1 0 2 ( 2 ) ( C )  of t h e  N a t i o n a l  Environ-  
m e n t a l  P o l i c y  A c t  o f  1 9 6 9 ,  would be a p p r o p r i a t e .  

I n  d e t e r m i n i n g  program e f f e c t s  upon n a t u r a l  and c u l t u r a l  v a l u e s ,  
s u r v e y s  of n a t u r a l ,  a r c h e o l o g i c a l ,  and h i s t o r i c  r e s o u r c e s  may 
be needed t o :  (1) d e t e r m i n e  whether  or n o t  s u c h  v a l u e s  are 
p r e s e n t  and ,  i f  so, t h e i r  s i g n i f i c a n c e  and e x t e n t ;  and ( 2 )  pro -  
v i d e  a b a s i s  f o r  e v a l u a t i n g  impac t s .  

The f i n a l  s t a t e m e n t  would, a l s o ,  p r o v i d e  a n  a p p r o p r i a t e  o p p o r t u n i t y  
t o  i n d i c a t e  compliance w i t h  t h e  N a t i o n a l  Historic. P r e s e r v a t i o n  
A c t  of 1 9 6 6  ( 8 0  S t a t .  9 1 5 1 ,  e s p e c i a l l y  r e g a r d i n g  c o n s u l t a t i o n  
of t h e  N a t i o n a l  R e g i s t e r  o f  His tor ic  P l a c e s  as  p rov ided  for i n  
S e c t i o n  1 0 6 .  The cr i ter ia  for u s e  i n  d e t e r m i n i n g  whether  the 
p r o j e c t  a f f e c t s  s i tes  l i s t e d  on t h e  N a t i o n a l  R e g i s t e r  i s  a v a i l -  
able i n  t h e  F e d e r a l  R e g i s t e r  of March 1 5 ,  1 9 7 2 .  

We s u g g e s t ,  also,  t h a t  t h e  f i n a l  env i ronmen ta l  s t a t e m e n t  o f f e r s  
a desirable o p p o r t u n i t y  t o  d i s c u s s  agency r e s p o n s e  t o  S e c t i o n  2(b) 
of Execu t ive  Order 11593 of May 13, 1971,  e n t i t l e d  " P r o t e c t i o n  
and Enhancement of t h e  C u l t u r a l  Environment.  I' 

Dspt~tv ?sr;is+.?nt S e c r e t a r y  of the  

M r .  Ralph E. Cushman, S p e c i a l  A s s i s t a n t  
N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
Washington, D.C. 
20546  
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-s I*? 0' WASHINGTON. D. Cb 20410 

DEPARTMENT O F  HOUSING AND URBAN DEVELOPMENT 

O F F I C E  OF THE A S S l f T A N T  SECRETARY FOR IN REPLY REFER TO: 

C O W U N I T Y  P L A N N I N G  A N D  MANAGEMENT 

e 
m. Ralph E. cushman 
Special Ass i s t an t  
Office of  Administration 
Netional Aeronautics & Space Administration 
Wzshington, D. C. 2Ofsu 

Dear Mr. Cushman: 

This is i n  response t o  your request of Apri l  19, 1972, for comment on 
the draft enviromental  statement on NASA's &ace Shuttle Progrem as 
required by PL 91-190 and the guidelines of the Council on Faviromentd 
Quality. 
treatmmt of the spree shuttle as a t rsnqortat ion system for rzpid, 
easy access to space for men and equipment, end covers the  e n v i r o m e n t d  
e f f ec t s  associated with its development and eventual operations." 

It is noted on page 2 t h a t  t h e  "statement is l imited t o  a 

HUD defers t o  other agencies f o r  envlromentr l  impacts essociated with 
thermal and air pollution, atmospheric effects, and aafety fian j e t t l son -  
ing . 
w-m 5s i-n-t.#==eat.& primarilvv in %fie effects CE h1-T s&tle=%Ets. 

1. Historically,  Federal programs have often resul ted In disorderly 
growth end development of cormriunities around Federal installations. The 
environmental impact statement for  the space shuttle is  i n c q l e t a  in 
this regard, mci cannot be considered colllplete u n t i l  these environmental 
consequences are m a z e d .  Care- l a d  use planning is essentiel. Eo%- 
withstanding page l 9  to the  c o n t r a y  and brief references on pzge 70, we 
believe these analyses of expas ions  or modificatlons as a result of the  
space shuttle program should be circulated i n  draft to selected F e * d  
agencies and l o c a l  A-95 agencies and made part of the f i n e l  environmentel 
hpact stztement on the  space shuttle prosan. 

2. Tne t r c a t w n t  of noise ef fec ts  is also incomplete. 
Wxit notes on page 50 that the major source of noise is the% generrted 
by rocket engines during engine +,ests and launches. 
noise l~ay be generally described es intense, r e l a t ive ly  short &ration, 
and spectrzlly conposed of predominmtly lox frequency energy." 
pas  51, Indicz-ies dBA l eve l s  of 124 ud t o  about b miles Prm the site 
and levels cf 112 c B A  up t o  12 miles from the site. 
dariage risk criteria for controlled meas which would pennit 139 dBEl for 
20 minutes. 

Tne stkte-  

'%ie natur2 of t h i s  

Tzble 8, 

Table 9 contzhs 



2. 

We do not, however, find local  maps showing the  contours of t he  various 
dW4 ra t ings  which w i l l  impact near each affected NASA ins ta l la t ion  as a 
r e su l t  of space shut t le  a c t i v i t i e s  or any indication of the extent t o  
which human bettlernents (numbers of persons and houses) would be affected 
by t h i s  noise i n  e i ther  "controlled areas" or "uncontrolled areas." We 
believe such analyses are essent ia l  both because NASA could become l i ab le  
under damage su i t s  and because HUD under i t s  new noise policy c i rcu lar  
1390.2 (copy attached) directs  IiUD f i e ld  off ices  t o  avoid insurance of, or 
assistance t o ,  new construction on sites wi th  *'unacceptable" noise environ- 
ments as defined therein. 

3. Similarly, t h e  e f fec ts  of the sonic boom of reentry upon human 
settlenients are  not located geographically or discussed filly. 
be done t o  t h e  extent tha t  the sonic boom w i l l  occur over land areas. If 
no sonic boom will occur over land meas,  t h i s  should be stated. 

This should 

Thank you for  the opportunity t o  coment on the environmental impact of th i s  
important program. 
before the f ina l  environmental impact statement is circulated. 

We look forward t o  discussing these points informally 

Since rely , 
- .  

/ Richard H. Woun---- 
' ' Acting Deputy Director, 

Office of Community and 
Environmental Standards 

Enclosure 



DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 
OFFICE OF THE SECRETARY 

WASHINGTON. D.C. -1 

Mr. Ralph E. Cushman 
Special  Assistant 
Office of Administration 
National Aeronautics and 

Space Administration 
Washington, D. C. 20546 

Dear Mr. Cushman: 

This is i n  response t o  your letter dated Apr i l  19, 1972, 
wherein you requested comments on t h e  d r a f t  environmental 
impact statement f o r  t h e  NASA Space S h u t t l e  Program. 

This Department has  reviewed t h e  hea l th  aspec ts  of t h e  
above program as presented i n  the documents submitted. 
The program does not appear t o  represent a hazard t o  
public hea l th  and safety.  

The opportunity to review t h i s  d r a f t  environmental impact 
statement is appreciated. 

Sincerely yours, 

Merlin K. DuVal, M.D. 
Ass i s t an t  Secretary for 

Health and S c i e n t i f i c  Affairs 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

Mr. Ralph E. Cwhrrm 
Special Asairtant 
Office of Admlnistrabion 
National Aeronautics m d  

Space Administration 
Washington, D.C. 20546 

Dear Mr. Cuuhman: 

Please refer to your request for AEC coawnta on the following Draft 
Environmental Statement: NASA Space Shuttle Program. 

We have no -t8 on thim Draft Statement. Thahk you for giving ua 
thi8 opportunity 

Sincerely, 

Dir imiarr  of RadioloBical and 
BnvitamPsatal Protection 

cc: G. A. Blanc, REP 
R. J. Catlin, DIU 
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ENViRON M ENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

M r .  Ralph E. Cushman 
Special Assistant 
O f f i c e  of Administration 
National Aeronautics and Space 
Administration 

Washington, D.C. 20546 

Dear Mr. Cushman: 

Thank you for the opportunity to review the draft 
environmental impact statement prepared on the Space 
Shuttle Program.. 

In general, we agree that the Space Shuttle Program 
can probably be conducted without unacceptable long-term 
risk to the environment. 
program, however, may result in some short-term local 
air quality and noise problems. We recommend that these 
problems, identified in the enclosed comments, be discussed 

I€ you have any questions on our comments or on related 

Our detailed comments are enclosed. 

Operations associated with this 

--- i n +h= ---- final envirm.?.?ental statemeat. 

environmental matters, please let us know. 

e Sincerely, 

J%%hf- 
Sheldon Meyers 

Enclosure 

- 

Director 
Office of Federal Activities 



DETAILED COMMENTS ON THE DRAFT ENVIRONMENTAL 
IMPACT STATEMENT FOR THE NASA SPACE SHUTTLE PROGRAM 

The draft statement indicates that the solid-fuel 
booster system to be employed will emit large quantities 
of hydrogen chloride (HC1) , carbon monoxide (CO) , 
chlorine (C12) and aluminum oxide (A1203). It is not 
expected, however, that HC1, CO or C12, emitted in the 
quantities specified, will present any significant 
environmental problems unless vehicle launches occur 
during adverse meteorological conditions such as: 
minimum atmospheric dispersion, or air stagnation. 
The final statement should indicate what effect such 
conditions would have on the ability of space shuttle 
operations to meet the National Primary and Secondary 
Air Quality Standards. In addition, the final statement 
should discuss operational methods that could be employed 
to avoid air quality problems. 

form will result in initial down-wind concentrations 
that will be substantially higher than levels specified 
in appropriate standards. The significance of the 
environmental impact due to A1203 or the persistence of 
excessively high concentrations of this substance cannot be 
determined from the information provided in the draft 
statement. The statement indicates that the average 
particulate size will be approximately 10 microns, but 
fails to provide size distributions. Such information 
should be provided in the final statement. 
the environmental effects of the deposition of particulates 
and the amount of land area likely to be affected, should be 
evaluated in the final statement. 

rain, 

In our opinion, emissions of A1203 in particulate 

In addition, 

We recommend that NASA establish an environmental 
monitoring program to confirm the theoretically predicted 
emission levels and down wind concentrations of all poten- 
tially hazardous gases and particulates. Also, we suggest 
a monitoring program and additional studies be supported by 
NASA to assure that the program will have no irreparable ad- 
verse effect on the stratosphere. The final statement 
should describe any such programs or studies that will be 
instituted. 

The draft statement does not provide information On 

The effect of high sound levels on 
the actual impact of vehicle noise and sonic boom on 
humans and wildlife. 
the health and well being of all susceptable forms of 
life near the launch complex or along the flight paths 
should be described in detail in the final statement. 

126 



The statement implies that the sonic boom over- 
pressures arising from orbiter re-entry, ranging f r o m  
0.5 psi to 2 psi., will cause only nuisance or annoyance. 
It has been observed during aircraft overflight studies, 
however, that nonstructural damage to buildings fre- 
quently occurs as a result of exposure to sudden over- 
pressures of 1 to 2 psi. 
details on this problem, the final statement should 
resolve the apparent discrepancy that exists between the 
assessments of the effects a t  sonic booms made on page 59 
and page 69 of the draft statement. 

In addition to providing more 

The sumnary provided in the draft statement describes 
the potential impact of the Space Shuttle Program as 
“...small, . . . local ,  ..., (and) controllable. with regard 
to noise problems, however, no information is included on 
the methods to be employed to control the extent of the 
adverse effects. Information on t h e s e  methods should be 
provided in the final statement. 


